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Report on the Condition of the Niagara Railway Suspension Bridge, 
1860. By Joun A. Roesirna, Civ. Eng. 


al of the Franklin Institute. 


To the Presidents and Directors of the Niagara Falls Suspension, and Niagara Falls 
International Bridge C mpanies. 


GENTLEMEN :—After an absence of two years, I have again visited 
the Niagara Railway Suspension Bridge, and have, during a stay of 
three days, on the 18th, 19th, and 20th of July, made a thorough ex- 
amination of the work. I now present to you the following report : 

The Niagara Bridge was opened for railway traflic on the 18th of 
March, 1855; the lower floor for common travel was completed and 
in use the year previous. The number of trains and trips of single 
engines, which at the present time pass over the Bridge in twenty-four 
hours, averages about forty-five. This great traflic accounts for the 
rapid wear of the rails, many of which require renewal. 

After a thorough examination of all parts of the work, I am un- 
able to report any change. 

The camber of the floors and the deflection of the cables, as you 
well know, depend upon the temperature of the atmosphere. The 
relative level of the floors is the same as it was in 1855. 

In order to be better enabled to judge whether the stiffness of the 
superstructure has been impaired by a five years traflic, I placed a 
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leveling instrument between the towers on the New York side, and 
observed the process of gradual deflection caused by five trains. 


A train, composed of the engine “Essex,” and tender, of 35 tons weight, 


drawing 10 empty cars, produced a deflection in the centre of 0-462 feet. 
A small engine, drawing 2 loaded passenger cars, 1 baggage car, and 1 
loaded cattle car, . Hi ‘ . O5410 « 


Another light engine, with 5 loaded passenger cars, and | baggage car, 0520 * 
The engine “Essex,” and tender alone, W315 
The same engine returning with 8 loaded cattle om, 6 ach holdi ing 17 to 

18 cattle of the largest size, : ° - O-789 « 


A short but heavy train, such as the last, when in the centre of the 
Bridge between the stays, produces the greatest deflection compara- 
tively. A longer train, loaded at the same rate, and extending over 
the limits of the stays, deflects the work but little more. In propor- 
tion, as the ends of the floor are weighed down, the centre is kept 
up. By comparing the above observations with those of 1855, we 
discover no essential difference. The great experimental train, which 
covered the whole Bridge with loaded cars, propelled by two engines, 
produced a deflection of ten inches. A similar train passed over now 
will do the same. 

The extreme rise and fall of the floor, owing to the contraction and 
expansion of the cables, amounts to more than two feet. But the 
cables being at liberty to contract and expand, this process can never 
affect their strength. 


In my report of 1855 I stated the aggregate ultimate strength of the 4 


suspension cables at ° ° ° 12.000 tons. 
Permanent weight, supported by — , * 1,000 
Tension resulting, P ‘ 1810 « 
Proportion of permanent tension ‘to strength, ° 1: 663 
Tension produc ed by a train of 250 tons, . ‘ 452 * 
Aggregate tension, . . woe ° 
Proportion of working tension to stren; gth, . : 1: 5°30 


This liberal allowance of strength and freedom from vibration will 
insure the durability of the cables. 

The question has been repeatedly asked, why trains are not allowed 
to pass over this Bridge at a higher rate of speed than five miles an 
hour? This limitation is looked upon as a sign of tacitly acknow- 
ledged weakness, and has been frequently referred to as a strong ar- 
gument against suspension bridges for railway purposes. 

This matter 1 discussed in my report of 1855, but I will explain 
again and more fully. The first great object of this limitation of 
speed is safety. Although it may look somewhat timid in this fast- 
going age, to see freight trains move at the rate of five miles per hour, 
and passenger trains at even a less rate, yet when it is considered 
that this slow speed insures absolute safety, no matter what accident 
may happen to a train—the traveling community ought to be satisfied 
with this cautious arrangement. What would be gained by a highe1 
speed? Nothing whatever. The Bridge forms a ‘link between two 
termini, and there is always time to make connections. Vassengers 
will prefer to cross at a slow rate in order to enjoy the splendid scene- 
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ry during the passage. The track is so constructed as to form a trough 
of three feet depth between the girders, into which a car or locomotive 
will instantly drop, the moment it breaks down or leaves the track— 
previ led there is no great headway. Should such an accident happen 
to a train, the broken-down ear, engine, or track, will act as a power- 
ful brake, and will check its motion. When planning the work, ab- 
solute safety was made the first condition, and the track has been 
constructed accordingly. I would also remark in this connexion. that 
any further addition of fender-pieces to the track, as an additional 
means of safety, as has been proposed of late, would only prove an 
unnecessary Incumbrance. 

A greater speed than five miles per hour for passenger trains should 


never be permitted for the reasons stated. But should a much heavier 


freight business have to be accommodated in the future, the speed of 
freight trains may be increased without injury to the work. All that 
will be necessary is, to keep the track in perfect order, and to main- 
tain a continuous bearing at the rail joints 
will further state here, that by an additional expenditure of $20,000, 
the stiffness of the Bridge may be so far increased : * the 
highest practicable speed of freight trains, withou icing the 
slightest injurious effect upon the structure. I make this statement 
deliberately for the information of those professional and unprofes- 
sional opponents to suspension railway bridges, who have made it their 
business to cast doubts upon the permanency of this work. I also 
expect to demonstrate this when resuming the works on the Ke ntucky 
River Bridge, on the Lexington and Danville Railroad, which, when 
completed, will form a single span of 1224 feet from centre to centre 
of towers, over a chasm of 300 feet deep. 

The wood-work of the Niagara Bridge, being kept well painted, 
and otherwise well protected, will last forty years and more. The old 
wooden St. Clair Bridge, at Pittsburgh, Penna., which I removed to 
make room for a new suspension bridge, recently completed, has stood 
exactly forty years. All its principal timbers of pine and oak, on 
removal, were found good and sound. A portion of this material, 
after being well tarred, has gone into the new suspension floor, and 
will no doubt render good service for another forty years. 

My views of the durability of the cables have undergone no change 
since 1855: they have only been strengthened by additional experi- 
enee. This being a subject of great importance and of general inter- 
est, I embrace this opportunity to express myself more fully, and thus 
perhaps to contribute towards a better understanding of the nature 
of iron. 

The fact is well known, that wrought iron under certain conditions 
will undergo certain radical changes. And so will all kinds of mat- 
ter. The material universe is not by any means constituted upon the 
principle of émmutability. Material existence is but a theatre of 
change, of breaking down, of reduction, and of reconstruction of the 
elements of matter. The Egyptian pyramids are even now undergo- 
ing a slow process of disintegration. The dry air of that region, slow 
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in action, is still sure to do its appointed work. And as all human 
fabrics, being but material constructions, will have to succumb to the 
same inexorable law, we cannot expect that the Niagara Bridge will 
form an exception. 

Two kinds of changes are known, which will affect the strength of 
iron and other metals. The one is wrought by the chemical process 
of oxidation, and can be guarded against effectually, and is so guarded 
in the Niagara Bridge. All iron and wire within reach, are kept well 
painted, and thus preserved against rust. The anchor chains and their 
connexions with the cables, inside of the anchor masonry and in the 
rock below, after three coats of paint, are protected by the cement 
grout, which forms a solid envelope, excluding air and moisture. 

But aside from the mechanical protection thus afforded, I depend 
principally, as was explained in my report of 1855, upon the well- 
known chemical action of caleareous cements in contact with iron. 
Oxygen has a greater affinity for lime than for iron. So long, there- 
fore, as the cement will combine with oxygen, or, in other words, has 
not become completely crystallized, which is a very slow process in- 
side of heavy masonry, the iron will be protected. The cement, not 
exposed to the air, when setting slowly, has a tendency rather to ex- 
pand than to contract; but suppose there should be cracks around the 
anchor bars, large enough to admit air and moisture. Water will then 
find its way through those cracks, but on reaching the iron, will be 
more or less impregnated with cement, and thus add another protect- 
ing coat. The chemical principle, which I have explained here, I 
apply daily in my factory for the preservation of wire against damp- 
ness. I have also carried on direct experiments for a number of 
years, which have convinced me of the preserving property of calca- 
reous cements in damp situations. 

On examining recently the anchor bars of the Monongahela Sus- 
pension Pridge at Pittsburgh, built sixteen years ago, I found them 
perfectly preserved, as far as the cement, in which they are embedded, 
was removed. ‘To satisfy yourself on this subject, I shall propose in 
a few years more, to remove the anchor blocks and to examine the 
upper links of the anchor chains of the Niagara Bridge. It should be 
remembered, that good cement grout, when not disturbed by any me- 
chanical action or by a current of water, will set perfectly solid, and 
will become as hard as sand stone in course of time, and without 
shrinking. The anchor chains of the Niagara Bridge are, in my opi- 
nion, effectually guarded against oxidation. 

But iron under certain conditions will undergo another change, 
which is not so well understood, and is indeed as yet a partial mystery. 
And this fact has been seized upon as an invincible argument against 
iron bridges generally, and against the Niagara Bridge especially. I 
refer to the supposed and popularly so-called granulation of fibrous 
wrought iron. 

Although this subject has engaged my attention for a series of 
years, and I have taken pains to obtain correct information, I yet he- 
sitate to express any decided opinions, that would cover the whole 
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field of investigation. The question at large I consider open yet. This 
much only I believe to be settled, that good iron will undergo no change 
in course of time, unless it is acted on by great heat, or is under the 
influence of strong continuous vibrations under tension. 

As an exception to this last proposition, may be cited the case of 
old anchors and chains, which, after being exposed on the ground or 
in the ground, a great length of time, had become considerably rusted 
and reduced in strength. Aside from rusting, magnetic influences 
were supposed to have been at work in destroying the strength of 
these irons. But it should be remarked, that none of these cases have 
been sufficiently well examined to warrant sound conclusions. It is 
true that the earth forms a great magnet, whose magnetism is main- 
tained by the sun; and that the magnetic condition of all metals is 
more or less depending upon the great parent magnet. A steel mag- 
net that has lost its power or tension, when buried in the earth, will 
be restored by its magnetic currents. But how far the cohesion and 
elasticity of wrought iron may be affected by these currents, we are 
yet ignorant of. When a bar of iron is drawn apart by a tensile 
strain, the fractured ends are magnetically excited, and will attract 
iron filings, at the same time that they become heated. Both pheno- 
mena, magnetism as well as heat, will always accompany the forcible 
rupture of iron, as can be readily ascertained by experiment. The 
same phenomena are also exhibited when iron is hammered cold, the 
heat in this case being more apparent than the magnetism. 


The cohesion and « lasticity of wrought iron, although different pro- 
perties, appear to be closely related. In speaking of elasticity, | 
mean the natural elasticity, and not what is produced by the forced 
process of tempering. And here may be pointed out a marked phy- 
sical difference between steel and iron. While the hardening or tem- 
pering of steel can be carried to almost any degree, that of the latter 


he 


can not, 

Whatever destroys or impairs the elasticity of iron or steel, will 
also affect its cohesion. And this fact has also a significant magnetic 
bearing. Tempered or hardened steel possesses more tensile strength 
than soft steel. Now when tempered steel loses its hardness by an- 
nealing, it assimilates nearer to soft iron in its relation to magnetism. 
Red-hot iron is not attracted by a magnet, while a steel magnet en- 
tirely loses its magnetic properties on being heated red hot. Another 
remarkable fact is, that artificial as well as natural magnets, when 
overloaded, become weakened. And so does the cohesion and elasti- 
city of an iron or steel bar become weakened by overloading. 

The limit of elasticity, or of the reeuperating force, as it might be 
termed, of iron and steel is generally stated at one-third of their ulti- 
mate strength. Iam of the opinion that this is much over-estimated 
for soft puddled irons, and under-estimated for good hammered char- 
coal irons, and still more for steel. 

The force which holds together the molecules of iron, is termed 
cohesion. Heat will expand iron, and when applied intensely and 
continuously, will melt it, and will thus destroy all cohesion, and at 
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the same time all elasticity and all magnetic tension. It follows, then, 
that heat of a certain degree is opposed to cohesion and elasticity. 
And this explains why large masses of wrought iron, when being forged, 
and thus subjected for a considerable length of time to an annealing 
process, will, in the centre, become greatly reduced in cohesion and 
elasticity. The previously existing fibre in the faggots will change 
into a coarse crystalline texture, because the iron being in a pasty and 
nearly molten state, and the mechanical effect of hammering being 
confined to the surface, and not penetrating to the centre, the forma- 
tion of large crystals will be left undisturbed. Broken car-axles 
sometimes appear to have undergone a similar change. The fact is, 
that they generally exhibit a crystalline fracture. But I suspect that 
many new axles, although manufactured out of fibrous rough-bar, will, 
when finished and broken before they are used, also exhibit a crystal- 
line fracture. In my own practice I have witnessed the fact, that an 
experienced manufacturer, anxious to satisfy me, did not succeed in 
manufacturing round bolt of four to five inches diameter out of good 
fibrous rough-bar, without producing a crystalline texture in the cen- 
tre. The oftener he piled the iron, the worse the result. On the other 
hand, I never heard of a failure when the bolt was forged entire un- 
der the hammer, out of good and well worked and thoroughly ham- 
mered charcoal blooms, their rough ends cut off. 

The most fibrous bar iron may be broken so as to present a granular 
and somewhat crystalline fracture, and this without undergoing any 
molecular change in the texture. Take a fibrous bar, say ten feet 
long, but the longer the better, nip it in the centre all around with a 
cold chisel, then poise the bar upon the short edge of a large anvil, 
and a short piece of iron, placed eight or nine inches from the edge 
on the face of the anvil, then strike a few heavy blows upon the nip, 
so that each blow will canse the bar to rebound, and to vibrate in- 
tensely, and the result will be a granular and somewhat crystalline 
fracture. Now take up the two halves, and nip them again all around, 
about one or two inches off the fractured ends, break them off by easy 
blows over the round edge of the anvil, and the fibre will appear again. 
This experiment proves that a break, caused by sudden jars and in- 
tense vibration, may show a granular and even crystalline fracture, 
without having changed the molecular arrangement of the iron. All 
fibres are composed of mineral crystals, drawn out and elongated or 
flattened; and the fracture may be produced so as to exhibit in the 
same bar, and within the same inch of bar, either more fibre or more 
crystal. Buta coarse crystalline bar will, under no circumstances, 
exhibit fibre ; nor will a well worked out fibre exhibit coarse crystals. 

My own view of this matter is, that a molecular change, or so called 
granulation or crystallization, in consequence of vibration or tension, 
or both combined, has in no instance been satisfactorily proved or de- 
monstrated by experiments. 

I further insist that crystallization in iron or any other metal can 
never take place in a cold state. To form crystals at all, the metal 
must be in a highly heated or nearly a molten state. 
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On the other hand, I am witnessing the fact daily, that vibration 
and tension combined will greatly affect the stre neth of iron without 
changing its fibrous texture. The cohesion and elastici ‘ity of wire and 
wire rope will be rapidly destroyed by great tension and vibration com- 
bined. Whether I shall be able to account for it or not, there stands 
the fact. But what is true of iron wire applies with equal force, and, 
when all circumstances and conditions are duly proportioned, with even 
greater force, to larger masses. The extensive opportunities which 
my pursuits offer, to make experiments and observations on wire and 
wire rope, authorize a positive expression on this subject. <A great 
deal of faney speculation has been indulged in of late years on this 
que stion of granulation and crystallization, but generally 
whose opinion can have no we ieh t. 

Now, while the fact remains that iron and steel will lose their 
strength by vibration and tension, it is proper to state, also 


by men 


" in this 
connexion, that this loss of strength bears a due proportion to the ex- 
tent and duration of the vibration and tension. Wire ropes may lose 
their strength by three months service, without exhibiting much wear; 
and they may also last ten years, running all the time, and be gre atly 
worn, before their stre ngth is so far re duced as to be unfit to do duty. 

I will state here, that there are now ropes of my manufacture on the 
inclines of the Morris Canal, which have run nine years. ‘This great 
durability is owing to comparative absence of vibration, in cons: quence 
of slow speed and good machinery, although a high tension is main- 
tained. 

The greater the elasticity and cohesion of the iron or steel, the bet- 
ter it will support vibration and tension, always provided, that the 
extent of this vibration and the amount of tension are kept within 
safe limits. Witness, as examples, the durability of watch-springs, 
piano wire, sofa and wagon springs, &c., &c., Ke. 

Wrought iron that has become brittle, as, for instance, chain, car 
axles, wire or wire rope, on being annealed, will have its softness and 
apparently, also, its strength restored. As far as softness is con- 
cerned, this is correet; but in regard to strength, when applied to 
wire or wire rope qr to fine chains, it is a mis stake. Soft annealed wire 
possesses only half the strength which hard wire hes, and is without 
any elasticity. But wire rope without elasticity is worthless; very 
little work will make it brittle again and worse than before. It is dif- 
ferent with heavy chains and with car axles. Made of indifferent 
material, crystalline or brittle when new, they will be greatly improved 
by an annealing ieee at the very beginning; and if this process is 
repeated from time to time, their lifetime m: ty be prolonged. I main- 
tain that a _— car-axle, made of good mat erial, and finished at the 
proper heat, by hammering or rolling, i is stiffer and stronger than the 
same axle, when again subje cted to annealing without hammering or 
rolling. Annealing restores softness, but at the same time reduces 
cohesion and elasticity. To restore the iron of a brittle car axle fully, 
can only be done by a full heat, with hammering or rolling, which of 
course will reduce its diameter. 
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The opinion prevails, that a well drawn-out fibre is the only sure 
sign of tensile strength. This, however, is true only when applied to 
ordinary qualities of bar or rail i iron. The fact is different with good 
charcoal irons and with steel. The greatest cohesion is accompanied 
by a fine, close-grained, uniform appearance of texture, which, under 
a magnifying glass, exhibits fibre. The color is a silvery lustre, free 
from dark specks. The finer and more close-grained the texture, the 
nearer the iron approaches to steel. Those who are familiar with good 
Swedish or Norway irons, will support these statements. These facts 
alone should be sufficient to disprove the erroneous notion that good 
iron and steel, which should always be granular, will become so only 
by vibration, and will thereby lose their strength. But it is important 
to keep in mind the distinction between a fine uniform granular frac- 
ture, and a coarse crystalline fracture. Where coarse crystallization 
appears, there is a want of contact and compactness, consequently of 
cohesion and strength generally. 

Wire cables, car axles, piston rods, connecting rods, and all such 
pieces of machinery, which are exposed to great tension as well as 
torsion and vibration, should be manufactured of iron which not only 
possesses great cohesion, but also a high degree of hardness and elas- 
ticity. The best car axles now in use, are those made of soft steel 
by Krupf, in Germany. This steel is manufactured from the spathic 
ore or natural steel ore, of the celebrated mines at Muessen in Siegen, 
Prussia. A correct report on these axles was given to me by one of 
the Prussian Commissioners of Railways, in whose district Krupf’ s 
works are located. They are safe in cold weather and seldom known 
to break. This proves that soft steel with more of a granular texture 
than fibre, possesses a much greater elasticity and strength than the 
best fibrous iron; and it also furnishes another strong proof against 
the granulation theory, so much credited in this country. 

It may be objected that steel is a different metal from iron. But 
all irons and steels are only so many different alloys of the same metal. 
There is no essential difference between the two. What constitutes 
the true chemical and physical difference between the two varieties, is 
not so clear. The old idea, that steel owes its distinguishing f proper- 
ties toa greater per centage of carbon alone, is no Jonge iY maint: 1ined. 
There are not two metallurgists who agree as to the proper per cent- 
age of carbon that good steel ought to contain. The ablest chemists 
who have an: alyzed iron and steel, from Karsten and Berzelius down 
to the present day, have not been able to give us a correct analysis 
of these two metals. Mr. Mushet, Jr., has recently shown that “the 
excellence of steel is depending upon the presence of Titanium, a sub- 
stance formerly overlooked. But so long as the chemistry of iron and 
of steel is still without a sure basis, we must fall back upon well dis- 
cerned empyrical facts. 

The capacity of irons to resist vibration and tension differs much in 
different qualities, and still greater is this difference when the irons are 
exposed to a very cold temperature. The tubular bridge at Montreal 
will not last as long as one in Great Britian of the same dimensions, 
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material, and workmanship, and rendering the same service; and still 
less than the tubes over the Nile, in Egypt. One hard winter in Cana- 
da will be as trying to the structure as ten years are in Great Britain. 

In order to examine the fitness of various qualities of iron for the 
manufacture of wire rope, I undertook, during the hard winter of 1856, 
at my establishment at Trenton, a series of experiments, when the 
thermometer was five to ten degrees below zero. The samples for 
three-quarters of an inch square, and their ends left larger were welded 
to heavy eyes, making in all a bar of three feet long. Thus prepared, 
they were thrown outside of the mill, covered with snow and ice, and 
left exposed for several days and nights. Early in the morning, be- 
fore the air gre Ww warmer, a sample, inclosed in ce, would be put into 
the testing machine, and at once subjected to a strain of 26,000 lbs., 
the bar being suspended in a vertical position, left free all around. A 
stout mill-hand, armed with a billet of one-and-a-half inches in diame- 
ter and two feet long, then struck the sample horizontally a number 
of blows, hitting the reduced séction, as hard as he could. The blows 
were counted and continued until rupture took place. Care was taken 
to maintain a tension of 26,000 Ibs. during this test, by screwing up 
the lever, while the sample kept stretching. Other means for produc- 
ing vibration were attempted, but none proved so effective as the hit- 
ting with an iron bolt. I would remark here, that most of these irons 
would support from 70,000 to 80,000 Ibs. per square inch; and that 
good samples of three-quarters of an inch square, would support a strain 
of 26,000 lbs. for a whole week, with no visible stretching, provided 
all vibration and jarring was avoided. But the least jar would produce 
a permanent elongation. 

Without going into the details of these interesting and instructive 
experiments, I will only state that the number of blows which the dif- 
ferent samples resisted, when « neased in ice, ranged from three to one 
hundred and twenty. Inferior qualities of a crystalline texture would 
break at the third or fourth blow. Good samples of refined puddled 
bar resisted very well, and went up to sixty blows, while the better 
qualities of hammered charcoal irons, supported up to one hundred 
and twenty blows, stretching and drawing all the time. Indeed, it 


seemed a wire-drawing process on a rough scale. On the tension being 


testing, about one foot long, were reduced in the centre to exactly 


reduced to 20,000 lbs. some good samples resisted the almost incre- 
dible number of three hundred blows before breaking. 

Such qualities of iron may be depended upon for the construction 
of wire cables and car-axles. They will be safe at the North Pole, 
while inferior qualities may answer very well in warmer latitudes. 

Well observed facts of the durability of irons, when exposed to ten- 
sion and vibration, are of more value than speculative opinions. I will 
here record a few more facts, experienced by myself, 

In 1844 I removed the old timber aqueduct over the Allegheny 
river at Pittsburgh, the heaviest work of that description in the United 
States, consisting of seven spans of one hundred and fifty feet reach. 
It had stood fourteen years. All the suspension bars taken out of the 
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old trusses and arches, and originally made of good puddled iron, on 
being tested and worked up into bolts for the new wire suspension 
aqueduct, proved of good quality, as good as such irons generally are. 

During the great fire at Pittsburgh, in 1845, the old Monongahela 
bridge, of eight spans, a heavy Burr structure, burned down. I con- 
tracted to put up a suspension bridge, and accepted all the old mate- 
rials, which were not consumed, including about thirty tons of ham- 
mered charcoal iron of excellent quality. This iron, after a severe 
usage for over thirty years, was found so good that I had it all drawn 
into wire. Every bar was good for 60,000 Ibs. per square inch, as 
strong and tough as it ever could have been before going into the bridge. 
The old structure was loose and limber, producing considerable vibra- 
tion on all vertical bars. 

On excavating for the southern anchorage between the old wing- 

walls of the old Monongahela brid, ge, a number of round bars of one- 
and-a-quarter inches diameter, about 40 feet long, good puddled fibrous 
iron was taken up. They had served astie bars to kee p the retaining 
walls from spreading. Screwed up tight, they had been under ground 
about twenty-five years, embedded in clay. The outside rust, firmly 
combined with clay and sand, appeared to have formed a protective coat. 
At any rate the strength of the iron had not suffered at all from oxi- 
dation, its quality was as good as any puddled bar manufactured at 
the present day. 

Last year, while removing the old St. Clair Street Bridge over the 
Allegheny River at P ittsburgh, to make room for a new Suspension 
Bridge, since completed, I examined the old iron with considerable in- 
terest and care. All this iron had been manufactured about forty-one 
years ago, and had been the result of the first attempts at puddling 
ever made west of the Allegheny Mountains. The manufacturer, who 
is still living, informed me that in those days puddling was not well 
understood, and that, although the stock was good cold blast charcoal 
pig, the iron turned out of a highly crystalline texture. It proved so on 
its a but of a good color, the texture was uniform and not coarse. 
On being heated and drawn down to half its size, it made a strong 
fibrous iron; all it wanted was work. There was not one fibroas bar 
in the whole lot of suspension bars; they were all alike erystalline 
and brittle in texture. This iron had, from the manufacturer’s own 
testimony, undergone no change; it was as crystalline on the last day 
as it was on the first. But there was another quality of iron in the 
same structure. The straps and bolts which connected the chords with 
the posts and braces, had been manufactured of a good quality of ham- 
mered charcoal iron, and a most capital iron it proved after forty years 
service. 

I will also draw attention to those interesting experiments made re- 
cently by Mr. Albert Fink, on a number of suspension bars, taken 
out of his bridges on the Baltimore and Ohio Railroad, for the pur- 
pose of testing ‘their strength after seven years service. ‘These tests 
exhibited a rate of strength which is only possessed by good iron, and 
led Mr. Fink to the conclusion that seven years wear had not affected 
the bars. 
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All irons form alloys of pure iron, mixed with carbon and other im- 
purities. A certain amount of impurities in the shape of good cinder 
appears to be necessary to impart strength and cohesion to this metal, 
and also to make it malleable, and to give it welding properties. The 
purer the iron is, the higher the heat at which it will weld. Compare, 
for instance, good Swedish iron with common puddled bar. While the 
latter will weld at a low heat, the former requires a much higher heat. 
Compare their fracture and color. The good Swedish bar will exhibit 
either a fine granular appearance or fibre, accompanied by a silvery 
lustre, showing comparative purity; the puddled bar will be of a dark 
color, with a graphite lustre, and will show a coarse texture or loose 
fibre. 

During the precess of puddling, as well as of blooming, the melted 
pig-iron is mixed with cinder, and this mixture, which will adhere by 
cohesion, prevents the formation of large crystals, which is the ten- 
dency of pure iron in a molten state. Now by working (bringing to 
nature, as the puddler calls it), this mixing and crystallization is - 
moted. The subsequent squeezing and rolling of the puddled ball, « 
the hammering and shingling of the bloom, will have the effect of con- 
densing, laminating, reducing, and drawing out these crystals, at the 
same time removing and squeezing out the superabundant cinder from 
between the metallic crystals. Thus the drawn-out fibre is composed 
of an aggregate of pure iron threads and leaves, enveloped in cinder. 

Pure iron as well as very impure iron is weak ; the maximum strength 
and toughness is obtained by a certain mixture of pure iron with carbon 
and cinder, thoroughly worked and incorporated. When the fibrous 
and laminar aggregation becomes so dense as to be fit for the manu- 
facture of steel, then are by this very process sufficient impurities ex- 
pelled, and the greatest degree of cohesion is obtained. Hence strong 
steel can only be made of strong iron, no matter what chemicals may 
be administered during the process. 

Keeping the above process before our mind, we may now understand 
why even the best fibrous w rought iron, when exposed to long con- 
tinued vibration under tension, or to torsion, bending or twisting, must 
inevitably become brittle, be cause the iron thre ads and lamina b Com 
loosened in their cinder envelopes. But the cohesion between the iron 
and its cinder once destroved, and its strength is gone. Now whether 
cohesion is the result of magnetic attraction (according to Faraday) 
or otherwise, this process appears to be purely mechanical. But let 
the explanation, which is here offered, be correct or not, the fact re- 
mains that fibrous iron and all kinds of iron and steel, will be rendered 
brittle by vibration and tension, or by bending and twisting, without 
undergoing any mysterious change in its molecular arrangement. 

It is only within the last one hundred years that wrought iron has 
become a necessity on public and private works. Large structures 
entirely compose «4 of iron are of a still more recent date. Long ex- 
perience on a large scale is therefore wanting. But as far as it goes, 
the opinion is fully sustained, that good iron, not overtaxed by ten- 
sion and vibration, and otherwise preserved, will prove one of the most 
durable building materials at our disposal. 
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The Menai Chain Suspension Bridge, has now stood about thirty- 
six years, and is still considered a safe work, although it has, for the 
want of stiffness, on several occasions suffered severely from gales, 
The old Wire Suspension Bridge, at Friburg, in Switzerland, has been 
in use about twenty-seven years, but it does not possess enough of 
strength and stiffness to guarantee its safety much longer in its present 
State. 

It should be remembered that there are many suspension bridges in 
this country, as well as in Europe, built without any regard to stiff- 
ness, and are therefore constantly subjected to vibration, which must 
greatly limit their durability. 

The cables of the Niagara Bridge, on the other hand, are free from 
vibration, consequently will last as long as the nature of good wrought 
iron will permit, when subjected to a moderate tension, not exceeding 
one-fifth of its ultimate strength. This durability I am unwilling to 
estimate at less than several hundred years. 

Iron has emphatically become the material of the age. Upon its 
proper use the future comfort and physical advancement of the human 
race will principally depend. It will yet be the harbinger of peace, 
as already it has given us the means of locomotion and of intelligent 
intercourse. The subje ct of this paper is therefore of great importance 
and is entitled to a truthful consideration. 

I will close this report by repeating once more, that the cables of 
the Niagara Bridge are made of a superior quality of material; that 
they possess an abundance of strength; that they are free from vi- 
bration; that they are well preserved and taken care of; and conse- 
quently that they may safely be trusted for a long series of years. 


Trenton, N. J., August 1, 1860, 


Water Cisterns in Venice.* 


The French Academy of Sciences has received a communication from 
M. G. Grimaud, on the manner in which the Venetians construct their 
cisterns, a plan which he thinks might be advantageously introduced 
on the heights which overlook Paris, and are occupied by large estab- 
lishments and a numerous population, and which would greatly benefit 
by them. Venice occupies a surface of 5,200,000 square metres (1300 
acres), exclusive of all the great and small canals which intersect it. 
The annual average of rain is 51 inches, the greater part of which is 
collected in 2077 cisterns, 177 of which are public. The rain is suf- 
ficiently abundant to fill the cisterns five times in the course of the 
year, so that the distribution of water is at the rate of 16 litres (3} 
gallons) per head. ‘To construct a cistern after the Venetian fashion, 
a large hole is dug in the ground to the depth of about 9 feet, the in- 
filtration of the lagoons preventing their going any deeper. The sides 
of the excavation are supported by a frame-work made of good oak 
timber, and the cistern thus has the appearance of a square truncated 
pyramid with the wider base turned upwards. A coating of pure and 


* From the Journal of the Soeiety of Arts, No. 405. 
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compact clay, 1 foot thick, is now applied on the wooden frame with 
great care; this opposes an invincible obstacle to the progress of the 
roots of any plants growing in the vicinity, and also to the pressure 
of the water in contact with it. No crevices are left which might allow 
the air to penetrate. This preliminary work being done, a large cir- 
cular stone, partly hollowed out like the bottom of a kettle, is deposited 
in the pyramid with the cavity upwards; and on this foundation a 
cylinder of well baked bricks is constructed, having no interstices 
whatever, except a number of conical holes in the bottom row. The 
large vacant space remaining between the sides of the pyramid and 
cylinder is filled with well scoured sea sand. At the four corners of 
the pyramid, they place a kind of stone trough covered with a stone 
lid pierced with holes. These troughs communicate with each other 
by means of a small rill, made of bricks, and resting on the sand, and 
the whole is then paved over. The rain water coming from the roofs 
runs into the troughs, penetrates into the sand through the rills, and 
is thus filtered into the cylinder or well-hole by the conical holes al- 
ready cle scribed. The water thus supplied is perfectly limpid, sweet, 
and cool. 


A Subway in London.* 


The Metropolitan Board of Works report that, with a view to the 
adoption of means for obviating the expense and inconvenience attend- 
ing the breaking up of the pavement for the repair of mains and pipes, 
sewers, and other underground works, and in the hope of obtaining 
valuable data for their guidance in carrying out future improvements, 
they determined in making the New Covent-garden approach to form 
a subway under the street for the reception of gas and water mains, 
electric telegraph conductors, Xe.; and on the 31st of July they entered 
into a contract for the execution of these works, and they are now in 
hand. They propose to construct under the street an arched subway 
7 feet 6 inches in height by 12 feet in width, and also to form arched 
side passages for house service pipes, together with proper cellarage 
on each side of the street. In conjunction with the works proper 
sewers will be built, and convenient arrangements made for drainage. 


* From the Lond. Civ. Eng. and Arch. Journal, Oct., 1860 


Strength of Building Stones.* 


The following table (showing the specific gravity of colonial and 
other building stones, the force required to crush one-inch cubes, the 
amount of disintegration caused by the action of sulphate of soda, 
taking 1000 as an indication of perfect resistance, and the weight per 
cubic foot) is from Mr. Knight’s treatise mentioned in our notice of 
the Melbourne Houses of Parliament: 

* From the London Builder, No. 918 
Vou. XL.—Tutap Sexirs.—No. 6.—Decempen, 1860. 2 
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Weight per 
cubic foot after 
four hours’ im- 

mersion in 

water, 


| Am’t of Weight per 

disinte- cubic foot in 

~ an ordinary 
gration. | state. 


| 
Specific | Crushing force per 
gravity. square inch. 


CoLonmAL Stones. 
In Ibs. 
| Darley sandstone, ° 235 24 7-16 132 
Bacchus Marsh sandstone, } 221 “ 124 133 5-16 
Geelong sandstone, ° 2207 | 2150 136 11-16 128 10-16 
Kyneton sandstone, < 25 -— 131 7-16 
Kilmore sandstone, ° | 23 3100 | -— | 
Bulleen sandstone, ° | : 2100 142 916 
Doncaster sandstone, : 2487 3163 
Plenty sandstone, 2 | 245 3200 
Portland (western district) lime- 

stone, . 25 3065 ame 
Warrnambool limestone, a picked | 

specimen, hardened by 

salt water, P 24: 5035 — 
Cape &chank limestone, 25 3550 ) 146 
Ballan sandstone, | 2446 | 2450 os —— 
Keilor sandstone, . 247 1600 145 11-16 149 10-16 
Western Port sandstone, ‘ | 2357 5400 | 148 8-16 149 5-16 
Apollo Bay sandstone, Tested up to 6720 Ibs — 
Bluestone (basalt), without producing 63 7-16 
Granite from the Plenty, | any effect. The ma- 
Sienite from Gabo Island, . 2652/| chine was inade- 
Templestowe clay slatestone, | y quate to go beyond 
Mount Sturgeon sandstone, this weight. 


146 13-16 


INTER-COLONIAL STONES. 


Pitfield’s New Kangaroo Point 
sandstone from Tasma- 
nia, x 2207 2956 “900 32 5 13% 9-16 
| Kangaroo Point stone, old quarry, | 225 2581 “050 bd j 137 2-16 
North-west Bay sandstone from 
| Quinu’s quarry, Tasma- 
| nia, f 2392 2089 “700 
| Huon River sandstone, Tasmania, : _ “001 
Sydney sandstone, ° 2237 2228 , “300 
| Adelaide sandstone, . cle , 2800 _ 
-1 5 ested up to 6720 Ibs.) ) ,, 
as without effect. j 1-000 


Adelaide marble, 


Stones FROM Evrope. 


Fifeshire sandstones, Scotland, | 1814 | 100 
Bath oolite, England, x = 1600 i “800 


Portland oolite, England, 


Park Spring eandstone, from near 
Leeds, G. B., ° 


Caen, Normandy, 


Carara marble, 


3135 


“950 


( Tested up to 6720 Tbs.) 
without producing > 1-000 
(, any effect. 


3 “700 


( Tested up to 6720 Tbs. ) 


without producing! > 1-000 
and effect. ) 


Tasre showing the Weight required to crush inch cubes of the four Building Stones 
principally used in Melbourne. 
Crushing force per 
' Crushing force square inch after 
per square inch four hours immer- 
when dry. sion in water. 


es ae i ee 


In Ibs. In lbs. 


Pitfield’s new quarry at Kangaroo 
Point, ° ° ° 5 1919 
Pitfield’s old quarry at Kangaroo 
Point, ° ° ° 1428 
Darley, ° 1260 
Bacchus Marsh, . ° , , 1073 


The above results are derived from the average of four samples of 
each stone in a dry and two of each in a wet state. 


— 
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Experiments to prove the fitness of the following stones to act as 
lintels, &c., tried on scantlings 4 by 4 inches, having a span of 4 feet, 
and the entire weight suspended from the centre : 

Breaking Weight. 
ewt. qrs. Ibs. 

Fifeshire, Scotland, sandstone, A . . ° ‘ ‘ l 26 

Jath oolite, English, ° ‘ 2 20 

Kangaroo Point white sandstone, from Pitfie Id’s new quarry ; 

‘Tasmania, - e ‘ ° 

Kyneton, Victoria, onidiene. B 

Kangaroo Point sandstone, Pitfield’s old quarry, 

Bacchus Marsh sandstone, Victoria, ° e 

Darley sandstone, Victoria, ‘ 

Bulleen sandstone, Victoria, 

Doncaster sandstone, near Bulleen, 

Geelong, Barrabool Hill, sandstone, . 

Portland limestone, English, 

Park Spring sandstone, from England, near ‘Leeda 

Adelaide marble, e ° 

Colonial basalt, ° 

Mount Moriar, near Gee long, 


> to Se bo to 89 89 
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For the Journal of the Franklin Institute. 
Description of a New Portable Coffer a. By Capt. E. B. Hunt, 
Corps of Engineers, U. 


[Read before the American Association of Science, at Newport, R. I., August, 1860.] 


The use of the coffer dam in laying foundations under water, is 
among the best established and most reliable resources of the engi- 
neering profession, and its application in several classes of cases is 
well settled. In making studies for certain contemplated constructions 
at Fort Taylor, Key West, a new style of coffer occurred to me, which 
I hope soon to apply and which gives rational promise of success. 

The first case considered was one of founding wharf and bridge 
piers on a rock bottom, over which a thin stratum of sand is spread. 
A set of piers, ten feet square, of solid masonry from the bottom, was 
first contemplated. For these the style of coffer planned was a strong 
square frame, with four corner posts, and a sufficient number of wale- 
courses across the four sides, and framed into these corner posts, to 
give the stiffness of side-wall necessary for supporting the whole water- 
pressure. The length of the corner pieces would be such as to give 
an excess of a foot or more at the top in the deepest water at high 
tide. The size in plan would have to be such as to give the requisite 
working space, and might be reduced to fifteen feet square. This frame 
work being put together, and stayed by a set of diagonal rope tie 
braces, could be launched and taken to its position, where it would be 
placed erect and adjusted to be level, using, if necessary, uprights in 
one or more angles, to bear on the bottom, or to be driven to the rock, 
and then lashed or bolted to the leveled frame. These angle posts can 
be sufficiently driven to give security against the force of tides and 
currents when needed, and also to sustain the weights required to be 
rested on the top of the frame. The coffer frame being thus fixed in 
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position, a row of sheet piling of sound, three-inch, hard pine plank 
remains to be driven to the rock, in contact with the wales, and guided 
either by two outside timber guides, made to be removable, or by fixed, 
flat, iron bar guides with the angles smoothed. 

Now comes the featuré which I suppose to be entirely novel, and 
which gives a peculiar character to this portable coffer dam. Take 
strong canvass, and proceed to make up a case or covering for the en- 
tire coffer, using two thicknesses of canvass, and interposing a com- 
plete coating of mineral or coal tar, so as not only to cause the two 
canvass layers to adhere to each other thoroughly, but to make a per- 
fectly impervious sheathing. Along the bottom edge of the coffer 
sheathing, a similar double canvass flap is joined around the whole 
bottom line, which will lay spread out over the bottom as far as is 
judged necessary. This breadth of flap will depend essentially on the 
nature of the bottom. ‘The surface to be thus covered should first be 
raked clear of sticks, stones, Xc., to prevent tearing holes through the 
flap. The case and flap, water-tight through their whole extent, and 
having much positive strength to resist pressure, being put cn the cof- 
fer and surrounding bottom, it only remains to proceed with the pump- 
ing, which being actively pushed will rapidly reduce the small enclosed 
water column. As this goes on, the exterior pressure comes first on 
the canvass coating, and this in turn rests against the sheeting piles 
and along the entire surface of the bottom. As the sheeting should be 
of even thickness with straight edges, the joints will be close and nar- 
row ; hence there will be no danger of ruptures from the bridging strain 
across them. The submerged exterior guides being either removed or 
formed of iron bars with beveled edges, would create no dangerous 
strains. To bring the flap more closely to the bottom, a sprinkling of 
sand or any clean earth might be thrown over it when in place, or the 
outer edge might be weighted if needful. In case the water should 
penetrate through the bottom covering layer, even from the outer 
boundary of the flap, it is only required to scoop out the enclosed 
sand, and fill in the bottom with a layer of concrete, as is usual in the 
common coffer, using the tramis, a plain wooden trough, or a box with 
a trip bottom. 

It only remains to proceed in building the piers, using the top of 
the coffer as a platform, and to support the derrick or traveler, the 
materials being lightered alongside. Should a steam pump be found 
necessary, this could be worked on board a lighter, by using a flexible 
pipe, led through the side at the top, or it could be carried through 
the case and sheathing near the bottom. A series of lashings along 
the top of the case could be used for fastening it, and buoyed cords 
attached to the edge of the flap would serve for its manceuvre. 

Another mode of treating this case might be - ferred for great 
depths. This is by using a circular coffer made by trimming to the 
required are swe eps of three-inch planks, combining them in full circle 
ribs so as to break joints and fastening with screw bolts. This is mere ly 
turning an arch centre into the vertical. Launching one rib, a set of 
upright struts with draw-bolts would be placed on it, and the second 
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rib built on them, &c. In some cases this might be superior to the 
square coffer. The modification of the case and flap would offer no 
ae difficulty. Various other timber and iron coffer frames might 
be adv: antageously used in treating this case. 

In the instance first conside red, it was desirable not to obstruct the 
water-way more than was necessary to get the solidity required by a 
permanent wharf for heavy vessels. A series of these piers giving the 
requisite supports for the wharf and bridge platforms answered these 
conditions, and it was supposed that this plan could be used in water 
of over twenty feet. 

The facility with which this portable coffer can be struck and estab- 
lished is its great recommendation. Admit the water, hoist the case, 
draw the sheeting, and float the frame to its next station, buoying, if 
necessary, and then all becomes simple repetition. It is a question of 
judgment or caleulation in each case to give the frame-work the sta- 
bility required for resisting the pressures, currents, and wave actions ; 
us also to decide where the probable violence of waves would make the 
plan impracticable or injudicious. Judgment must also be used in 
deciding whether the ruggedness of the bottom makes this plan inap- 
plicable. Sometimes this difficulty would be fully met by throwing 
around the coffer a covering sheet of fine clay or marl, which will either 
make the bottom tight, or so cushion it that the flap can be used suc- 
cessfully. When we contrast the simplicity of this coffer and the 
facility with which it can be established and transferred, with the 
complex character of the ordinary fixed coffers, or with Stevenson’s 
portable coffer, so limited, comparatively, in its applications and trouble- 
some in erection, it will need but little consideration to perceive the 
utility of this device in numerous cases of bridge pie rs and other struc- 
tures. ‘To extend the above system to larger piers requires only the 
ap yplie ation of simple well estab lished pr inciples, which every competent 
engineer would easily make, and which need not be here ‘dwelt upon. 

it i is likely to find its first t application 1 in a sea wall, which will pro- 
bably be built at Fort Taylor next winter. It is p roposed to use in 
this case a portable coffer of 50 by 12 feet in five compartments of 
framing, the intermediate submerged cross bars being made movable. 
The building of the first section of wall will not much differ from the 
building of a pier, except that the masonry bond at each end must be 
arranged to provide for the adjoining sections. In walls but little ex- 
posed to the sea, the sections can be brought above low water indepen- 
dently by building plain heads and leaving a clear joint. Of course 
this would not do: where the foundation is ‘bad and the load irregular. 

To build this second section, the coffer would be re-established as be- 
fore, except that the end should be arranged to embrace the wall al- 
ready carried up, and the sheeting should be sh: aped to close in neatly 
on its front and rear faces. The case and flap will have to be so altered 
at this end as to fit the section of the wall, and extend along its front 
and rear faces for some distance. In the proposed wall, the use of dove- 
tailed header and stretcher courses of granite is contemplated for the 
face, and a massive concrete filling for the back. The box planking for 
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the concrete can rest against the main uprights and can be recovered 
on striking, thus leaving all the spare space in the coffer for face work. 

The simplicity of this coffer and the facility with which it can be 
shifted from section to section of a sea wall, lead me to believe that it 
will be found a great source of economy in constructing the walls of 
wharves, basins, docks, &c., when the shelter from waves and the cha- 
racter of bottom make it available. In many cases the flap could be 
nearly omitted, and in some rough bottoms the simple coffer case could 
be used and a slight foot slope of puddle or earth, which works tight, 
could be thrown in so as to serve the purpose. 

This device not having yet been tried, I should scarcely bring it be- 
fore the public, except that Iam willing by publication at once to pre- 
vent patents and to give to engineers the benefits it offers, which can be 
seen beforehand with almost absolute certainty. 


For the Journal of the Franklin Institute. 
Expansion of Steam. 


At a late meeting of the American Engineers’ Association, New 
York City, the subjoined paper was read by its author, Mr. Louis Koch, 
Mechanical Engineer. E. B. 

New York, Nov. 14, 1860. 

QuEsTION.— What is the pressure of steam in the cylinder at the 

end of the stroke when cut off at half stroke ? 

This question is easily answered by the experimental tables laid 
down by the Committees of the French and the Franklin Institutes, by 
Dr. Lardner, and many others, showing the total pressure in pounds, the 
corresponding temperature, the volume of steam compared to the vol- 
ume of water that has produced it, and the mechanical effect of a cubic 
inch of water evaporated in pounds raised one foot; all of which show 
conclusively that the pressure of steam in the cylinder at the end of 
the stroke, when cut off at half stroke, is not one-half of its full pres- 
sure, and that this difference becomes greater, first, with the increase 
of pressure, and, secondly, with the decrease of cutting off; all this is 
strictly theoretical, without regard to friction or the influence of the 
atmospheric pressure. 

The following are a few examples taken from Dr. Lardner’s table: 

Volume of 


Double Corresponding | Difler- 
Steam. 


| Temperature. Pressure. > a 
Volume. Pressure. ; ence. 


20 | 
10 
40 
20 
60 
30 


1281 
2126 


| 
| 
679 
! 
| 


o] 
ag 


- 
= 


about 94 Ibs. | 4 Ibs, 
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There can be no doubt of the existence of a fixed relation between 
the temperature and pressure of steam by immediate evaporation when 
it has received no heat except that which it takes from the water, but 
that relation is not known, and, therefore, empyrical formule have 
been proposed, which express, with more or less precision, this relation 
in different parts of the thermometrical scale. 

Mr. Southern proposes the annexed, when the pressure does not ex- 
ceed one utmosphere :— 

r4.9 \ 5°13 
p= 0-04948+ (3; jam) 
Lbo°7 206 
T= 155°7256 x Ye—0-04948 —51°3 


Tredgold proposes, when the pressure is from one to four atmos- 


piheres -— 
‘103 + 7\6 
meas 103 +17 ™ 201-18 fse—103 
20L-L8 


Dulong and Arago propose, when the pressure is from four to fifty 
atmospheres :— 

p =(0°26793 + 0-0067585 T)5 T= 147°961 “ep—39 644. 
Other formule are given by Biot, Taylor, Gay Lussac, Xe. 

The same uncertainty exists in the relation between the pressure 
and the augmented volume, and recourse has also been had to empy- 
rical formule, of which two, as the most convenient for low pressure 
engines of every form as well as for high pressure engines on the ex- 
pansion principle, are given. 

Dr. Lardner proposes 

83875969 


= = =e volume per number of cubic inches. 
164+ P 


A more accurate formula, when not less than 30 Ibs. per square 
inch is used, is the following:— 
43547826 
. >» P=1 1b. per square foot. 


“O18 +P 


It is well to remark here, in relation to temperature, upon the well 
known fact that the sum of the sensible and latent heats is a constant 
quantity; if water at 32° temperature is converted into steam under a 
pressure of one atmosphere, or 14} Ibs. per square inch, it is necessary 
to give it first 180° additional sensible heat, and afterwards 990° of 
latent heat, making a total of 1170° of imparted heat and 32° of con- 
tained heat, or 1202° in all. Should the pressure be two atmospheres, 
the sensible heat would be augmented to 250°, and the latent heat de- 
creased to 952°; at three atmospheres, respectively 275}° and 926}° 


? 
and thus continuing, the sensible augmenting and the latent diminish- 


ing, as the pressure increases, the constant total being 1202° F., 
1170° of which are nece ssary for the evaporation of ice-cold water, 
which, consequently, would be raised to the tet mperature of 1202° if 
evaporation was prevented. 
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A very easy mode of calculating the volume of steam under higher 
temperature than that of one atmosphere is the following :— 

1. It being known that air expands with every degree Centigrade, 
to 1-270ths of its primitive volume at 0° C., it follows that 27 cubic 
feet of air when heated from 0° to 100° C., will expand to 370 cubie 
feet, and that 1 cubic foot of air of 100° C. heated with further (¢) 
degrees will become 

370 +t 
370 

2. It being known that steam expands agreeably to the same law, 
it follows that steam of 100° C, if its temperature is increased 214° 
C. will increase to 


cubic feet. 


370+4-21:4° | 391°4 
370 ~ 370 


therefore, steam from 1 lb. of water, or 1691 cubic feet, will have a 
volume of 


cubic feet ; 


391° 4 


X1691—=1789-078 cubic feet. 
370 


8. And as it is, lastly, known that at the same temperature, the 
pressure of elastic fluids is proportionate to its density, and as saturat- 
ed steam at 121°4° C. has just double the pressure (or that of two 
atmospheres), it follows that the before mentioned 1780-078 cubic feet 
must have double the density, and, therefore, a volume of 894-539 
cubic feet. 

Having now conclusively proved that the volume of steam increases 
with the pressure, it follows that there is a decrease of volume with the 
decrease of pressure, and it is, therefore, evident that the mechanical 
effect of steam when cut off at any part of the stroke will not be fully 
one-half of that of its expansion; all this is nothing new, as many tables 
have been laid down to this effect, as noted above, but as a basis for fur- 
ther calculations on the advantage or disadvantage of cut-offs generally 
they are valuable. 

Now, let us see if there is an advantage in practice by cutting-off 
steam at any part of the stroke. We will select a bore of cylinder of 
200 inches area, or about 16 inches in diameter and 6 feet stroke. We 
have, at first, to contend with friction and atmospheric pressure at the 
exhaust; the first of these (friction) is the most difficult to find a basis 
for, but it being generally conceded that 23 lbs. per square inch is 
sufficient in a well built engine, we will take “that as a standard. 

The atmospheric pressure at the exhaust is the same in both cases, 
and in relation to the quantity to be discharged, what is less in one 
case is made up by velocity in the other. It is to be remarked that 
when, according to the indicator, we work under 50 lbs. pressure, we 
actually have 64} Ibs. on the piston (theoretically), the difference of 
pressure in the boiler and that exerted upon the piston, we will omit, 
being in both the same, if any, as has been asserted. Let us take 
60 Ibs. total pressure on the piston, and then find the mechanical effect 
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in following full stroke and cutting-off at one-half, one-third, and one- 
quarter stroke. 
The mechanical effect of full stroke will be 60 Ibs. per onaneer” 
inch, or 12,000 Ibs. per 200 square inches, or P 72,000 Ibs. lifted 1 ft. 
Deducting for friction st lbs. per square inch equals 500 Ibs., 
or 3000 Ibs. lifted one toot. and atmosp »yheric pressure 
14} Ibs. per square inch equals 2950 Ibs., or 17,700 Ibs. 
lifted one foot . B . = 20.700 « “ 


and there remains a clear effect of 51,300 Ibs. or 714 perc. 

It has often been asserted that 85,90, and 95 per cent. mechanical 
effect has been obtained, but this is decidedly an error, as the pressure 
was calculated agreeably to the indicator; the indicator in this case 
would only show 45} Ibs. at 200 square inches equals 9000 Ibs., or 
54,300 lbs. lifted one foot, thus pre se nting ¢ a mechanical! effect of nearly 
Y4} per cent., which is a deception. 

The mechanical effect of cutting-off at one-half stroke will be 60 lbs. 
per square inch or 12,000 lbs. per 200 square inches; 3 feet stroke 
equals 56,000 Ibs. lifted one foot; at ry end of the stroke, as has been 
seen, we have 28-03 lbs. pressure, and, therefore, a mean pressure of 
44-015 lbs. per square inch, or 8803 lbs. os 200 square inches; 3 feet 
stroke equals 26,409 Ibs. lifted one foot; adding as above, we have 
36,000-+- 26,409 Ibs. =62,.409 Ibs. lifted one foot. Deducting the fore- 
going friction and atmospheric pressure, 20,700 lbs. lifted one foot, and 
there remains a cle ar mechanical effect of 41,709 lbs. lifted one foot, 
or 57°93 per cent., with half the amount of steam, or 85,418 lbs. lifted 
one foot, with full steam, being nearly 116 per cent. (115°86 per cent.) 

The mechanical effect of one-third stroke will be 60 Ibs. per square 
inch, or 12,000 lbs. per 200 square inches; 2 feet stroke =, OVO Ibs. 
lifted one foot; we have, as seen at the end of the stroke, 19-2 | - pres- 
sure, and, therefore, a mean pressure of 39-6 lbs. per square inch, or 
7920 lbs. per 200 square inches; 4 feet stroke equals 31,680 Ibs. lifted 
one foot: adding as above, we have 24,000-+ 31,680 =55,680 lbs. lifted 
one foot. Deducting friction and : atmosp yher ic p yressure 20,700 lbs. lifte , 
one foot, and there remains a clear effect of 34,980 ibs. lifted 1 foot, o 
48°55 per cent, with one- — the amount of steam, or 104,940 Ibs. 
lifted one foot, with full ste: , bel ing 145 > per cent. 

The mechanical effect of hair mocks will be 60 lbs. per 
square inch, or 12,000 lbs. per 200 square inches; 1} feet stroke = 
18,000 Ibs. lifted one foot; at the end of the stroke, we will have 
13-19 lbs. pressure, or a mean pressure of 56-595 lbs. per square inch, 


or 7319 lbs. per 200 square inches; 44 feet stroke 32,935°5 lbs. 
lifted one foot; adding as above, we have 18,000 + 32,935°5 = 


50,935°5 Ibs. lifted one foot. Deducting friction and atmospheric 
ye 20,700 lbs. lifted one foot, and there remains a clear effect 
of 30,235°5 lbs. lifte : one foot, or ne: arly 42 per cent., with one-quar- 
ter the amount of steam; or 120,942-0 lbs. lifted one foot, with full 
steam, being 168 hes cent. 

Again; let us see if the same proportions exist in a smaller cylin- 


der, shorter stroke, and the same pressure; we will select an area of 


50 ins., or about 8 ins. in diameter, 4 ft. stroke, and 60 lbs. pressure. 
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ist. The mechanical effect of full stroke will be 60 lbs. per square inch, or 3000 Ibs. 
per 50 square inches: 4 feet stroke ° == 12,000 Ibs. lifted one foot. 
Deducting for friction 24 Ibs. per square inch = 125 Ibs., 
or 500 lbs. one foot, and atmospheric pressure 14} Ibs. per 
square inch = 737-5 lbs., or 2950 lifted one foot = 3450 « 


And there remains a clear effect of . 8,550 « 
or 714 per cent. 
2d. The mechanical effect of cutting off at half stroke, will be 60 Ibs. per square 
inch, 3000 Ibs per 50 square inches: 2 feet stroke = 6,000 lbs. lifted one foot, 
44-015 lbs. mean pressure per square inch, or 2200} Ibs. 
per 50 square inches: 2 feet stroke . . = 4,4014 “ 


Adding, we have 10,4013 “ 
Deducting friction and atmospheric pressure 3,450 


And there remains a clear effect of - 69514 
or 57°93 per cent. with half the amount of steam, and 13,903 Ibs. lifted one foot, or 
11586 per cent. with full steam. 


3d. The mechanical effect of cutting off at one-third stroke will be 60 Ibs. per square 
inch, 3000 Ibs, per 50 square inches: 1} feet stroke = 4000 lbs, lifted one foot. 
39°6 lbs. mean pressure per square inch, or 1980 Ibs. per 
50 square inches: 24 feet stroke . == 5280 « 


Adding, we have ° 9280 « 
Deducting friction and atmospheric pressure = 3450 « 


And there remains a clear effect of . 5830 «“ 
or 48-58} per cent. with one-third the amount of steam, and 17,490 Ibs. lifted one foot, 
or 145} per cent. with full steam. 


4th. The mechanical effect of cutting off at one-quarter stroke will be 60 Ibs. per 
square inch, or 3000 Ibs. per 50 square inches: 1 foot stroke = 3000 Ibs. lifted one foot. 
36-595 lbs. mean pressure per square inch, or 18294 lbs. 
per 50 square inches: 3 feet stroke . == 5489} « 


Adding, we have ‘ 84894 « 
Deducting friction and atmospheric pressure 3450 “ 


And there remains a clear effect of . 50394 « 
or nearly 42 per cent. with one-quarter the amount of steam, and 20,157 Ibs. lifted one 
foot, or 168 per cent. with full steam. 


It only remains to investigate, if under a different pressure the re- 
lations will be the same: we will, therefore, take the same cylinders 
and strokes, with a pressure of 56 Ibs. 


Ist. The mechanical effect of full stroke will be 36 Ibs. per square inch, or 7200 Ibs. 
per 200 square inches: 6 feet stroke , = 43,200 Ibs. lifted one foot. 
Deducting for friction 24 Ibs. per square inch = 500 lbs., 
or 3000 lbs. lifted one foot, and atmospheric pressure 14§ Ibs, 
per square inch = 2950 lbs., or 17,700 lbs. lifted one foot = 20,700 “ 


Leaving a clear effect of ° 22,500 “ 
or 52-083 per cent. 
2d. The mechanical effect of cutting of ut one-half stroke will be 36 Ibs. per square 
inch, or 7200 Ibs. per 200 square inches: 3 feet stroke = 21,600 Ibs. lifted one foot. 
26°513 Ibs. mean pressure per square inch, or 5302°6 
per 200 square inches: 3 feet stroke . = 15,9078 “ 


Adding, we have . 37,5078 “ 
Deducting friction and atmospheric pressure 20,7000 “ 


Leaving a clear effect of 16,807°3 “ 
or 38-905 per cent. with one-half the amount of steam, and 33,615°6 Ibs. lifted one foot, 
or 77°810 per cent. with full steam. 
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3d. The mechanical effect of cutting off at one-third stroke will be 36 Ibs. per square 
inch, or 7200 Ibs. per 200 square inches: 2 feet stroke = 14,400 lbs. lifted one foot. 
23°48 lbs. mean pressure per square inch, or 4696 lbs. per 
200 square inches: 4 feet stroke . = 18,784 


Adding, we have . 33,184 
Deducting friction and atmospheric pressure 20,700 
Leaving a clear effect of . 2,484 
or 28-9 per cent. with one-third the amount of steam, and 37,452 lbs. lifted one foot, or 
86°7 per cent. with full steam. 
4th. The mechanical effect of cutting off at one-quarter stroke will be 36 Ibs. per 
square inch, or 7200 lbs, per 200 square inches: 1} feet 
stroke ° ° . = 10,800 lbs. lifted one foot. 
22-0178 lbs. mean pressure per square inch, or 4403-56 
lbs. per 200 square inches: 44 feet stroke : = 19,816 


Adding, we have ° . 30,616 
Deducting friction and atmospheric pressure 20,700 
Leaving a clear effect of ° - 9916 « “ 
or 22°95 per cent. with one-quarter the amount of steam, and 39,664 lbs. lifted one foot, 
or 91-81 per cent. with full steam. 


The same per centage exists under the same pressure, whatever the diameter of the 
cylinder or length of the stroke may be. 


In the foregoing calculations, condensation in the cylinder has not 
been taken into consideration; it will, of course, be greater in pro- 
portion to the cut-off being smaller, but the difference to me seems to 
be trifling, and will cause but little alteration in the above calculations 
of per centage. 

And now, having arrived at a point from which we are enabled to 
deduce certain elements, the subjoined are submitted :-— 

Ist. The pressure of steam in the cylinder at the end of the stroke, 
when cut off at any point during the stroke, is smaller than the pro- 
portion to the full pressure; and this difference becomes greater, first, 
with the increase of pressure, and secondly, with the decrease of cut- 
ting off. 

2d. The per centage of mechanical effect between that of full stroke 
and that of cutting off at any point of the stroke, remains the same, 
the cylinder being large or small, the stroke long or short, as long as 
the pressure is the same. 

3d. The greater the pressure the greater the per centage of me- 
chanical effect in high pressure engines, under all circumstances. (The 
relations seem to be different in low pressure engines, which I propose 
to discuss at a future time.) 

4th. The greater the pressure, the greater the relative per centage 
between the full stroke and the cut-off system. 

Sth. There is no such thing as a greater mechanical effect in the 
same cylinder and at the same pressure, when cut-offs are used instead 
of full steam during the whole stroke; but, on the contrary, there is 
a proportionate and not inconsiderable falling off of mechanical effect 
when the former is used, notwithstanding all that has been or may be 
said to the contrary, and this difference becomes greater with a lesser 
pressure. 


_ 
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6th. The same amount of steam, under the same pressure, in the 
same cylinder, used with cut-offs instead of following full stroke, will 
produce a greater mechanical effect, but it requires a greater space of 
time ; it being in the same proportion as the relative per centage be- 
tween full stroke and cut-offs, or vice versa. During the same space 
of time, when cut-offs are used, and using a proportionate increase of 
pressure representing a greater volume of steam, the same mechanical 
effect will be obtained as that in following full stroke with a lesser 
amount of steam; or during the same space of time, and with the 
same amount of steam at a proportionate higher pressure, a greater 
mechanical effect will be obtained in using cut-offs as in following full 
stroke. 

And now, allow me to remark, that here we have a full explanation 
of what has been asserted, that the mechanical effect in changing the 
full stroke to any part of the cut-off, during the working of the en- 
gine, was found to be greater in the latter case than in the former. 

Suppose we have the same engine as that from which we drew our 
first deductions, ¢. e., 200 square inches area, 6 feet stroke, and 60 Ibs. 
pressure. Then we will have, as shown, a clear mechanical effect of 
51,300 Ibs., or 71} per cent. of the power exerted by the steam. I 
have further shown, that when the feeding of steam is cut-off at one- 
half stroke, we have a clear mechanical effect of 41,709 lbs., or 57-93 
per cent., or with the same amount of steam used at full stroke, 
83,418 lbs. effect, or 115°86 per cent. The fire or the production of 
heat not being changed in using the cut-off, it is evident that with 
each stroke of the engine, 4} cubic feet of steam will be used less 
than before, the production remaining the same: and now let us take 
the steam space at 100 cubic feet, and the engine running only 12 
revolutions per minute, and we have the startling result that, in less 
than one minute, the pressure in the boiler will be found to be at 100 
Ibs. per square inch, provided the safety valve be loaded to that amount; 
and its clear effect will be 85,300 lbs. lifted one foot, or 115°69 per 
cent., instead of 71} per cent. when full stroke was used. But when 
the safety valve remains loaded with 60 lbs. in working order, and its 
orifice is proportionate to the production of all the steam, then, gen- 
tlemen, there is no such thing as the engine beginning to jump, or at- 
tempting to “‘run away;’’ but, on the contrary, its speed will fall off 
almost immediately, until not more than 57°93 per cent. of the former 
71} per cent. will remain. 

7th. From the above deductions, drawn from calculations, we now 
arrive at the conclusion that a much greater mechanical effect is at- 
tained in using cut-offs instead of following full stroke, when the same 
volume of steam is used, or the same eflect is attained with a lesser 
volume of steam: the consequence is, that the production of a lesser 
volume of steam, requiring a lesser quantity of heat, the same me- 
chanical effect, in using cut-offs instead of following full stroke, is 
attained with a lesser amount of coal, all conditions being otherwise 
equal. Therefore, let me add, go ahead, busy inventors, and give us 
an improved cut-off, that will answer our purposes well, and give satis- 
faction to all. 


MECHANICS, PHYSICS, AND CHEMISTRY. 


For the Journal of the Franklin Institute 
Strength of Materials: Deduced from the latest experiments of Bar- 
low, Buchanan, Fairbairn, Hodgkinson, Stephenson, Major Wade, 

U.S. Ordnance Corps, and others. By Cuas. H. HASWELL, Civil 

and Marine Engineer. 

No. 2. 
(Continued from page 343.) 
TRANSVERSE STRENGTH. 
The Transverse or Lateral Strength of any Beam, Rod, Bar, &c., 
is in proportion to the product of its breadth, and the square 
and in like sided beams, bars, Xc., it is as the cube of 
, and in cylinders as the diameter of the section. 

When one end is Fired and the other projecting, the strength is in- 
versely as the distance of the weight from the section acted upon; and 
the strain upon any section is directly as the distance of the weight 
from that section. 

When both ends ar Supported, only, the strength is four times 
greater for an equal length, when the weight is applied in the middle 
between the supports, than if one end only is fixed. 


I 

When both ends are Fixed, the strength is six times greater for an 
equal length, when the weight is applied in the middle, than if one 
end only Is fixe l. 

The strength of any rod, bar, &e., &e., to support a weight in the 
centre of it, when the ends rest merely upon two supports, compared 
to one when the ends are fixed, is as 2 to 3. 


When the Weight or Strain is uniformly distributed, the weight or 

strain that can be support d, compared with that when the weight or 

strain is applied at one end or in the middle between the supports, is 
») 

as 2 tol. 


In Metals, the greater the dimension of the side of a beam, &c., 
or the diameter of a cylinder, the less its proportionate transverse 
strength. 

The strength of a Cylinder, compared to a Square of like diameter 
and sides, is as 4°71 to 8. 

The strength of a Hollow cylinder is to that of a Solid cylinder, of 
the same length and quantity of matter, as the greater diameter of 
the former is to the diameter of the latter; and the strength of hol- 
low cylinders, of the same length, weight, and material, is as their 
greatest diameters. 

The strength of an Equilateral Triangle, having an edge up, com- 
pared to a Square of the same area, is as 22 to 27; and the strength 
of an equilateral triangle, having an edge down, compared to one, an 
edge up, is as 38 to 23. 

Vou. XL.—Tuiap Senizs.—No. 6.—Decemper, 1860. 33 
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Note.—In these comparisons the beam or bar is considered as one 
end being fixed, the weight suspended from the other. In Barlow, 
and other authors, the comparison is made when the bar or beam rested 
upon supports. Hence, the stress is contrariwise. 


Detrusion is the resistance that the particles or fibres of materials 
oppose to their sliding on each other, under a detrusive strain. Punch- 
ing and shearing are detrusive strains. 


Deflection.—When a beam, bar, Kc., &e., is deflected by a cross 
strain, the side of the bar, &c., which is bounded by the concave sur- 
face is compressed and the opposite side is extended. 

The Neutral Line, or Axis of Equilibrium, is the line at which ex- 
tension terminates and compression begins. 

In Stones and Cast metals, the resistance to compression is greater 
than the resistance to extension. 

In Woods, the resistance to extension is greater than the resistance 
to compression. 

The general law regarding deflection is, that it increases, ceteris 
paribus, directly as the cube of the length of the rod, bar, &ec., and 
inversely, as the breadth and cube of the depth. 

The Resilience or toughness of a body, is a combination of flexibil- 
ity and strength. 

The resistance of Flerure of a body at its cross section is very 
nearly nine-tenths of its tensile resistance. : 


Relative Stiffness of materials to resist a transverse strain :— 


Wrought Iron, 13 Oak, 095 
Cast Iron, 1: Ash, “ORD 
White Pine, 1: Beech, ‘O73 
Yellow Pine, ‘O87 Elm, ‘073 


The strength of a Rectangular Beam in an Inclined position to re- 
sist a vertical stress, is to its strength in a horizontal position, as the 
square of radius, to the square of the cosine of elevation; that is:— 
as the square of the length of the beam, to the square of the distance 
between its points of support, measured upon a horizontal plane. 


Beams of cast metal, having small dimensions, are stronger pro rata 
than those having larger dimensions, in consequence of their having 
a greater proportion of chilled surface compared to their elements of 
strength resulting from dimensions alone. 


Experiments upon bars of cast iron, 1, 2, and 3 inches square, give 
a result of 447, 348, and 338 lbs., respectively ; being in the ratio of 
1-, -78, and *756. 


The strongest rectangular beam that can be cut of a cylinder, is 
one of which the squares of the breadth and depth of it, and the dia- 


© 


meter of the cylinder, are as 1, 2, and 3, respectively. 
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TasLe oF THE Transverse Strencta or Matentats: Deduced from the experiments 
of U.S. Ordnance Department, Barlow, Rennie, Stephenson, Hodgkinson, Fairbairn, 
Pasley, Hatfield, and the Author, and reduced to a uniform measure of One Inch 


Square, and One Foot in Length; We ight Suspe nded from one end. 


We ght Value of 
niin Specific | Breaking Pe Niles 
gravity. weight. ticity was | 12F Seneral 
pertect. . 
V\ 
Teak, 745 206 | ( > It 60 
Oak, E ish 934 140 13-8 ) 
do supe r 748 188 ’ 
Canadian 872 146 5 
A mic in ) 230 ) 
Da AL ° 756 22 5 30 
African e 9sv 208 ) 
Ash 760 l6s8 4 ) 
Beech ° ° 696 130 33 
Birch, 711 160 10 
i 553 82 27°5 wd 
Eim, ; 170 ts 10 
Pitch Pine, . 660 136 33. 15 
American e ‘777 160 50 
W hite Pine ° 553 92 oo 30 
American ° 130 15 
Riga Fir, . . ‘753 94 27°5 30 
Norway Pine, . . ‘577 23 i1- 40) 
Locust, ‘ . ‘936 295 100 
Deal, Christiana ° ° ‘698 137 15 
Larch, ‘ ‘ *556 93 33° 25 
W hite wood, . . 116 JS 
Maple, 5 ‘ 202 65 
Hickory . ° ° 250 55 
Chestnut ‘ ° 160 53 
Riga Fir, Wet ° ‘ *632 107 30 
Dry . ° 330 96 30 
MeraLs. 
moans of 7-087 07 125 to 160 
ee ee a. 7182 632 155-210 
— ; cg gent, of % 7-246 733 180-240 
sala ' | 7270 762 190 250 
anee { 7-340 772 192-250 
Mean by Maj. Wade . 7°225 681 170 86225 
West Pt. Found. extreme 980 250 325 
English,—Low Moor 
Cold blast 7055 472 
Gartsherrie, H ‘ - ° 7017 447 110 140 
Carron, Cold “ 7094 443 
M uirkirk, Hot S -¢ 6:953 418 | 
Ponkey, Cold « 7122 Fo 145 190 
Hot blast, mean . 500 125 165 
Cold “ “ ‘ 516 130 170 
Ystalyfera, cold blast , 770 195 255 


Mean of 65 kinds, . 500 125 165 


Weight 
borne while) Value of 
MarsriLs. | Specific | Breaking | the elas- Ww 
gravity. | weight. ticity: was | for general | 
periect. use. 


Merats (Continued). 
Steel, greatest ° ‘86 | 1918 400 to 500 | 
|Permanent 


bend. 
Wrovent Iron (700 ) 


American 1500 650 
) 600 ( 


English 1000 400 
“ 1080 520 
1200 550 
Swedish® ‘ 665 
English, the stress set. ‘O01 
applied horizontally, ; 190 
Mixture or Cast anv Wroveur 
Iron, &c. 
Cast Iron, Blaenarvon ; 
do 10 pr. ct. of wrought 
20 
30 
40 
50 
and 24 per cent. of Nickel, 
mean 
Stirling, 2d quality 
3d 


“ 


“ 


Stones (American). 
Flagging, Blue . 
Freestone, Little Falls, N. Y., 


Belleville, N. J., 


Connecticut 
Dorchester 
Aubigny, 
Caen 
Granite, blue, coarse 
Quincy, Mass., . 
SToNES (English). 
Yorkshire Blue Stone, 
Paving, 
Landing, ° 
Caithness Paving, Scotland 
Valentia do., Ireland 
Welsh do., 
Arbroath, ° 
Craigleith Sandstone, 
Hailes, 
Felling, : 
Kentish Rag, 
Cornish Granite, 
Portland Oolite, 
Bath, . 
Bangor Slate, 
Llangollen do., 


* With 840 Ibs. the deflection was 1 inch, and the elasticity of the metal destroyed. 
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Concretes (English). 
Aberthaw lime 1, gravel 7, 
Hydraulic lime and gravel (old), 
Fice brick beam, Portland cement, . 
do, sand 3 parts, lime 1 part, . 


Breaking weight. 


Portland, 
do 
slue clay 
Blue clay 


Sheppy, 


Fire | 


brick, 


Cements (English). 


1 part, sand 2 parts, 


5 parts, chalk 4 parts, 


and chalk, ° 


Bricks (English). 


. 


Stock brick, well burned, 


do 
Old brick, 


N ew 
Best stock 
COMPARATIVE 


VARIOUS 


One Inch Sjuare, 


inferior burned, . 


English, 


>) 


ANSVeRSE Srrenetu or A Paism or Live anp Cement MIxeD 
PREPARATIONS OF GraveL AND Sanp (Sir C. W. Pastey). 
and One Foot in Length, the Weight being Suspended from one end. 


WITH 


] Jays 
immersed in 
water. 


Age in 
days. 


Breaking 


weight. 


MixTUrRE. 


Chalk lime 1,8 


an 


Gravel 6, 


° 
Halling lime 1, 
a 


1, Sand, 3 


Blue Lias lime 1 


Rosehill lime 1, 


Chalk 
Blue ( lay 
Chalk 
Blue clay 
Chalk 
Blue clay 
Chalk 
Blue clay 
Chalk 6, 
Blue clay 1, 
Chalk ie 
Blue clay 1, 
Chalk lime 1, 
l, 
Halling lime 1, 
ao a 
Blue Lias lime | 
do l 


we oO 


ae ee) 


do 


Sheppy & Harwich Cements 1, do 


do 


Gravel 3, 


396 *S1 Ibs. 


446 


ind 3°25 


*156 
ind 4 


? 
5 
4 446 

ind 3,4 

Sand 3, 

Gravel 4, ) 

Sand 2,4 

Gravel 6, ) 

5 

Gravel 6, ) 

Sand 3,4 


Sand 2, ° 


Gravel 
Sand 
Gravel 
Sand 
Gravel 5, 
Sand 
Gravel ¢ 
Sand 
Gravel 
Sand 
Gravel 5 
Sand 
Gravel & 
Sand 4, 
Screened ballast 
do 
do 
do 
; Ballast, 
do 


5, 
10, 
3, 
10, 
6, 
10, 
2, 
1, do 


4 
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Tasie oF THe Transverse Strenctu or Cast Iron Bars anp Oak Beams or 
Various Figures, 
Having a Uniform Sectional Area of One Square Inch, One Foot in Length, Fixed at 
one end, Weight Suspended from the other. 
Form or Bar on Beam. BREAKING WEIGHT. 


Cast Iron. Es | Square, ; 673 Ibs. 


do, diagonal vertical, . 568 


Cylinder, 


Hollow Cylinder, greater diameter twice that of less, 794 
Rectangular, 2 
do 3 
do 4 


ins deep in. thick, . 1456 
“ 2392 


2652 
Equilateral triangle, an edge up, . 560 


do, an edge down, 


2 ins. deep X 2 ins. wide X +268 ins. thick, 


Equilateral triangle, an edge up, 


do, an edge down, m 130 


qpPiidP=-0e8¢ 


TasLe or THE Transverse Strencta or Soup anp Hottow Cyiinpears or Various 
MATERIALS, 
One Foot in Length, Weight Suspended from one end. 


Solid | Hollow |Breaking! 1 inch external dia- 

Specific | external | internal jweight in) meter, and propor- 

| gravity. | diameter | diameter Ibs. tionate internal dia- 
in inches. in inches meter. 


| Breaking weight for 


MATERIALS. 


Woops (English). | 
| Fir,® ° — 
| Ash, | 


’o 
~7I~' © © 
ouans 


. | 


} 


~J «J 
. 


= 
ao os 


| White Pine, American 


“oe 


tom mie 


MeraAts. l 
Cast iron, cold blast 


Stone Ware. 


| 
Rolled pipe of fine elay.| . | 


* An inch square batten from the same plank as this specimen, broke at 139 bbs. 
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RESULT OF EXPERIMENTS ON THE TRANSVERSE SrreNctu or ScarpaeD Batrens 
( Bartow.) 
Battens 4 feet in length, Fixed at One end, and Loaded at the other. 


[ Nofe.— Dimensions of battens not given. ] 


Scarph, 12 inches in length, 
small end up, and one inch Sroke in the neck of the 
from face of fulcrum, ° scarph, close to the fulcrum, 


Scarph, 12 inches in length, 
large end up, and one inch Fastenings of small end of 
frum face of fulcrum, ° scarph drew out, 


Scarph, vertical, ‘ Broke in the scarph, 


(To be Continued.) 


The Cylindrical Spiral Boiler.* By Jounx Exper. 

The object of the construction of this boiler is to obtain a form with 
all the useful properties of the simple cylindrical high-pressure boiler 
on shore, adapted to steamships. The following advantages appear to 
be attained over the ordinary marine boiler, namely: 

1. A form of boiler capable of carrying higher pressure and present- 
ing more heating surface, and of a more effective description, from a 
given weight of material. 

2. A boiler capable of being easier cleaned and repaired in both 
water and fire spaces. 

3. A boiler capable of producing superheated steam to any practical 
temperature. 

4. A less average specific gravity of water whilst working at sea 
with the usual amount of feed and blow-off, and a more perfect com- 
bustion-chamber, and better formation of flue surface. 

5. The pressure being altogether internal, it is not liable to collapse, 
a danger lately ably demonstrated by Mr. Fairbairn; and as the di- 
ameter of the various cylinders are reduced to the minimum size for 
permitting the tradesmen to pass through, clean and repair them, the 
boiler when formed of ordinary thickness possesses enormous strength 
without stays. 

6. The expense of the boiler per square foot of heating surface is 
about the same as the ordinary boiler, and is capable of carrying five 
times the pressure. 

The general construction of this boiler is as follows:—There are 
twenty-four round boilers or tubes, of not less than 19 inches diameter 
each, twenty-two of these forming, when bound together, a cylindrical 
vertical shell; the twenty-third, a centre boiler concentric to that 
shell; and the twenty-fourth, a spiral coil-boiler winding spirally round 


* From the London Ciy. Eng. and Arch. Jour., September, 1860. 
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between the centre boiler and those composing the circumference shell. 
These boilers contain the water, and the spaces between them the fire. 

The feed-water passes first into the spiral compartment, or No. 24, 
and from it into the centre compartment, or No. 23, and into each in 
rotation, and blows off at the last compartment, or No. 1, thus ren- 
dering the water in No. 24 nearly pure sea-water, and gradually from 
compartment to compartment more dense, till it blows off at No 1 at 
the usual density, and thus makes the average specific gravity of the 
water less than usual. 

The twenty-two outside boilers are 24 feet long, 19 inches diameter, 
and ,5;-inch thick ; the bottom ends are conical for 3 feet, and knee’d 
outwardly to give a larger diameter of furnace, say 12 feet diameter. 
There is a furnace door for every alternate tube, or say 11 furnace 
doors, equally divided round the base of the boiler, giving great fa- 
cility to the firemen for doing their work efficiently. In firing it is 
proposed to charge all the fresh coal round the circumference of the 
fire, in order that the hydrogen of the coal may be consumed separately 
from the carbon; and as the furnace has great altitude, the combus- 
tion will be completed in vertical flames from the coals, and will thus 
prevent the carbonic acid gas given out from the combustion of the car- 
bon coming so much in contact with and preventing the combustion of 
the hydrogen, as is usual in ordinary furnaces. 

The centre compartment, or No. 25, is 50 feet long, 34 inches di- 
ameter, and g-inch thick, with 3 feet at the bottom and top conically 
reduced to 18 inches diameter, forming a man-hole door; the upper 
end of this vertical tube forms a reservoir for the steam of the whole 
twenty-four compartments, and acts as a superheating apparatus, and 
may be carried up the funnel to the extent necessary to superheat the 
steam to 400°. ‘The steam-pipe is taken from the top of this boiler 
to the safety-valve chest, fastened on the front of the boiler low down, 
which serves as a water-trap during the discharge from the safety- 
valve chest, the steam-pipe to the engines being taken off the same 
pipe ata higher level than the escape steam. The spiral compartment, 
or No. 24, is about 100 feet long, 34 inches diameter, and 32-inch thick, 
made of the best iron boiler-plate; the ends are conical for 3 feet formed 
into man-hole doors; this spiral boiler makes four or five convolutions 
close round the centre one, and is bound close to the circumferential 
boilers by hollow stay-bolts, and fastened to the centre one at each 
end only; in the same manner the steam and water flows through the 
whole boiler by these hollow bolts or rivets, and completes the entire 
circulation of water and steam. The whole of these 24 compartments 
or boilers terminate at the bottom about 1 foot below the fire-grate, 
and are supported on six stanchions from the ash-pit beneath, making 
a free passage for the air under the grate bar; the circumferential 
compartments or boilers terminate at the top 6 feet above the ship’s 
deck, and have each a man-hole door forming the cover; the funnel is 
made conical at the bottom to embrace the internal diameter of the 
boiler shell and draw off the smoke in the usual manner. This com- 
pletes the whole boiler proper, but in order to prevent radiation of heat, 
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a thin outer casing of iron is made (9 inches) clear of the boiler all 
round, terminating about 7 feet from the stoke-hole floor; and above, at 
the level of the galley or funnel-house, this casing is lined with felt and 
thin wood, to keep the deck and the adjacent parts cool and retain the 
heat. The twenty-two straight cylindrical boilers or compartments are 
constructed in the sides by four P lates 24 feet long and 16 inches br oad, 
rolled to a 94-inch r adius curve at the iron works, le: aving no plate- 
setting for the boiler-maker of this de ‘scription. 

The plates of boiler No. 24, or the spiral compartment, are delivered 
flat by the iron-maker, and are bent to the spiral curve by one blow 
ofa lars ge spiral concave block falling upon a counterpart convex one, 
prepare vd by the constructors of the boi ler. This operatic m ps been 
found to simplify the making of this spiral cylindrical boiler to about 
the same amount as the straight cylindrical boilers. The coni cal ends 
are bent in the same manner as the spiral plates, and the side work 
of plate-bending reduced as far as possible to machine work. The 
products of combustion, after leaving the furnace, have to travel spi- 
rally upwards a distance of 100 feet, and must of necessity be contin- 
ually rotating during that time, and prevent the possibility of any por- 
tion passing off without being brought frequently in contact with the 
heating surface of the boiler, and will therefore be cooled down to the 
minimum temperature compatible with a given amount of cooling sur- 
face, or the greatest quantity of heat extracted from the products of 
combustion before their escape to the atmosphere. 

This spiral coil and all the heating surfaces will keep more clear of 
flue-dust than usual, and will consequently be more efficient in that 
respect, as well as save the usual trouble and loss by spunging expe- 
rienced in the ordinary tubular boilers at sea. Also, as the products 
of combustion must pass off at the rate of at least 7 feet per second, 
in this as in ordinary boilers, it will take upwards of 14 seconds from 
the time it leaves the furnace till it arrives at the top of the boiler ; 
whilst if the boiler ose of the ordinary tubular type it would pass in 
about two seconds along the whole heating surface of the boiler; the 
gas has, therefore, seven times more time to give out its heat, and its 
revolving tendency will not admit of the same stratum of gas passing 
along the passages after it is cooled down, as is the case with the ordi- 
nary boiler, but will bring the hot products of combustion usually oc- 
cupying the centre of the tubes of a tubular boiler into contact with 
the cooling surfaces, and reduce the whole products of combustion to 
one temperature before entering the chimney. 

In cleaning the salt or sludge out of these boilers the man and sludge 
hole doors are taken off the top and bottom (and the hose of fresh 

water may be played down through from the top, and the refuse run 
out at the bottom), The man in charge ¢ ‘an also pass down through 
the whole boiler; the dimensions necessary for this purpose being made 
the minimum and maximum of the various compartments of the boiler; 
and are specially constructed to maintain to the engines steam at a 
much higher pressure than usual, in order to admit of a much larger 
amount of expansion to be developed by the engines, which are all on 
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the double cylinder expansive principle. The constructors are now 
making the boilers for three steamships on this principle, two of 
which are for carrying Her Majesty’s mails on the Pacific between 
Valparaiso and Panama (as described by the writer at the meeting 
of the British Association at Leeds); and it has long been his de- 
sire to be able to construct boilers for marine purposes without stays, 
and with no surface exposed to the collapsing tendency, which in so 
many cases has been the cause of loss of life aboard of steam-ships. 
The boilers now described have no large flat surfaces and no stays, 
the whole tendency of the pressures being to inflate the boiler plates, 
and, if possible, to give them a stronger form; the smallest diame- 
ter is large enough to give access to the men in charge, and the largest 
diameter is 34 inches, and 32-inch thick,—dimensions that can carry 
several hundred pounds pressure on the square inch before rupture 
could take place. Such a form the writer adopts with great satisfac- 
tion to himself as a constructor sending machinery abroad, where the 
usual form of boiler gives him considerable anxiety. In comparing 
the construction of this boiler with that of the ordinary tubular one, 
in the latter angle-iron ribs and stays now compose a large portion 
of the weight and expense; contribute no heating surfaces; and if 
one stay breaks, which is no uncommon occurrence, the next is placed 
in great danger, and if it gives way the whole may follow in rotation 
and a serious accident be the result. In the former boiler, however, 
the plates may be reduced to a very small amount of thickness by tear 
and wear before explosion could be expected. 

Having thus described the objects of the spiral boiler, it might not 
be out of place to give the following statement of the comparative evap- 
orative power and temperature of the gases in the furnace and chimney 
of the spiral boiler, with three of the ordinary types of boiler now in 
general use. 


Figs. 1, 2, and 3. 


The three types experimented upon, were, first, a common cylin- 
drical land boiler (Figs. 1, 2, and 3), 35 feet long, 5 feet 6 inches di- 
ameter, with two round flues 19 inches diameter through the centre ; 
this boiler had 40 feet of heating surface to the nominal horse-power 
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of the engine; the two flues contained 20 feet, and the shell 20 feet 
per nominal horse-power ; the furnace was below the boiler at the fore 
end, had a fire-grate of 26 square feet, the fire passed underneath the 
boiler to the opposite end from the furnace, and returned along the 
sides, and then passed back again through the flues to the chimney. 
The temperature above the centre of the fire was found to be, on one 
occasion, 820U0°; at the top of the bridge 1730°; the temperature of 
the gases gradually reduced as they passed back the remaining length 
of 26 feet under the boiler and along the side flues, till they entered 
the flues at 1163°, and left them at 800°. ‘Thus the furnace contain- 
ing a surface of 2 feet per nominal horse-power reduced the heat about 
1500°, the shell of the boiler behind the furnace of about 18 feet per 
nominal horse-power reduced the temperature about 600°, and the flues 
containing a surface of 20 feet per nominal horse-power reduced the 
temperature about 550°. The temperatures of the gases in the flues 
were found to be about the same in the centre as at the top; but at 
the bottom of the flues, the temperatures of the gases were at the fore- 
end rather less than at the top, but towards the back-end the tem pe- 
rature of the bottom of the flues reduced gradually below the tempe- 
rature at the top to the extent of 300°. Upon another occasion the 
temperature over the centre of the fire was found to be 3610°: at the 
top of the bridge 1739°: and the different temperatures of the flues 
were as indicated in Fig. 2, where the average temperatures of the 
flues at B'=S82Z6°, Be=—STYS, BIH YSTS, BAHYHVYS, and at B5=—OR1. 
The temperatures at the top of the flues at C’=982°, c#=1034°, c5 = 
1087°. The temperatures at the bottom of the flues at A’=571°, A= 
603°, Ak’=G6T78°, At= T64°, A> = 822°. It would therefore appear 
that, notwithstanding the large amount of surface in this boiler, the 
evaporative power is very inferior, as the amount of heat taken out of 
the gases per square foot of heating surface is vé ry small: and the 
natural conclusion is that the gases pass along in straight lines, and 
only the thin strata in contact with the surface is cooled down. In 
the results of the spiral boiler (Fig. 6) three times the quantity of 
heating surface was found to reduce six times the quantity of gas from 
the same temperature of 38200° toa temperature of 480° instead of 
800°, showing that a more complete turning over of the gases is much 
wanted in our land boilers. The water evaporated per hour in the 
Jand boiler referred to was found by meter to be 2000 lbs., and the coal, 
best Glasgow quality, found to be 300 Ibs. per hour; making about 6} 
lbs. of water per pound of coal. During the measurement of the water 
evaporated by the meter, indicator diagrams of the engine were taken 
with a view to calculate the weights of steam by the ordinary method, 
and the calculations were found to agree with the meter; these calcu- 
lations can be repeated and substantiated at any time. 

The second type of boiler tested was that of the ordinary steam- 
boat horizontal tubular boiler (Fig. 4); the example chosen was one 
in a first-class ocean steamer. The temperature of the furnace was 
found to be 3200°, and the inside of the funnel about 1100°. The 
heating surface of this boiler was 22 feet per nominal horse-power, and 
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the water evaporated about 8} lbs. per pound of coal according to the 
calculations from the diagrams. The coal consumed was about 20 lbs. 
per square foot of fire-grate, of the best Glasgow coal. 

The next example taken was that of a first-class vertical tubular 
boiler (Fig. 5), on Mr. David Napier’s principle, now universally liked 
on the Clyde for river steamers. This boiler had a surface of about 

Fig 4. Fig. 5. 
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22 feet per nominal horse-power ; the temperature of the fire was found 
to be about 3300°, and in the funnel 1160°; the weight of water evapo- 
rated was found by calculation to be 8} lbs. per pound of coal con- 
sumed, and the rate of combustion about 20 lbs. per square foot of fire- 
grate. 
In the spiral boiler (Fig. 6) of the San Carlos, Guayaquil, and 
Prinz van Orange, the boilers were found to give the following pecu- 
Fic. 6. liar results :—Ist, that even with Scotch coal 
there was no smoke emitted from the chimney, 
and no carelessness on the part of the fireman 
seemed to effect the formation of smoke; 2d, 
that the boilers showed a bright furnace, indi- 


cating first-class draft; the temperature of the 


“|| | funnel was found to be 480° while the fire was 
hr: as at its greatest energy. - The heating surface 
Sot was, in the case of the San Carlos and Guay- 
i 3 aqguil, 2200 square feet, the coal consumed 
A 1400 Ibs. per hour, and the water evaporated 
= 11 lbs. per pound of coal consumed; the fire- 
AY grate contained about 76 square feet, and the 
Pat rate of combustion about 20 lbs. per square 

" aw foot of fire-grate. The heating surface of the 


boiler was 18 feet per nominal horse-power ; 
the coal consumed was Glasgow best steam coal. The stoke-hole was 
found to be remarkably cool, and the boiler, which was loaded to 52 
Ibs. on the square inch steam pressure, and tested to 150 lbs. on the 
square inch water pressure, was found to be perfectly tight. In the 
case of the Sum Carlos, I may mention that the ship has now steamed 
about 20,000 miles, and has not been in any port more than three 
days; during that time she has been consuming soft Chili coal for a 
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considerable part of her voyage, and the merits of the long flue show 
a decided advantage in this boiler over the ordinary tubular boiler for 
the nutive bituminous coal of South America. 

In order to give in a more extended form the comparative evapora- 
tive power of various flue and tubular boilers, the writer begs to lay 
before the Association the accompanying table. It shows several pro- 
portions of heating surface and evaporative power of several ships that 
have come under his notice. Ile can certify the accuracy of most of 
these particulars, except that shown in the last column, which is taken 
from Professor Rankine’s report on the performance of the Thetis. 
This vessel has about six times more heating surface in her boilers in 
proportion to the coal consumed than any example the writer is aware 
of. The boiler is Craddock’s patent boiler, though that inventor’s 
name appears rarely to be mentioned in connexion with the said vessel. 
Efficient, however, as this boiler must be as an evaporator, it cannot 
p ssibly ac ‘ompl sh the quantity shown in the table. 


Com sons of certain Results obtained from Certified Diagrams of Steamers. 
Karlof | Valy Pride of ; oe | 
Elk Ard thor. : sont Inka Europa.)Camb'n Thetis: | 
Nou l | 2 s 20 Joo sO O48 4 gO 
I i ° 7 82 0) 272 | l2u7 2 226 
Vr n of ind 1 i 
HP. tot ina 28 2 81 2.4 38 1863 2-272 82 
. og 
D . . - Iw 2 72 { Two2 ) ou (One 21 
i j (Tw 7 el 1 One 42 
I fst ‘ ft. 6i > tt. 8 f 7 ft 2ft. bin. | 
N 24 22 7} 154 lf 2 
. { Crad c's 
Fla Flue Fiue. | FI i vdd.ick 
| ( Patent 
\ " 130 252 50 =| 34 247 
\ surf ; 2400 4400 480 B ) 109 A 4000 
" 2520 4028 672 |} 5100 44 2 
r New ) | 
Qua l Welsh Welsh Welsh. | Welsh VW Good i 
( i | 
s t ‘ i 74 Tag 81 | 77 709 | AL’t 151b 
* 6 j 7y ) S*5 8 ib | 
‘ 1,07 4 126 247 42 417 lvls | 
I t " | dut 65 625 | 484 | 


The theoretical quantity of water capable of being heated from 90°, 
and evaporated at, say 212°, with an infinite quantity of heating sur- 
face and a perfect fire, is somewhere about 13} lbs. per pound of coal; 
whilst from the diagrams represented in Prof. Rankine’s report of the 
Thetis’ performance, 18 lbs..weight appears to be about the quantity 
of water per pound of coal. This calculation I have made from the 
diagrams published, and any party interested may repeat the calcu- 
lations. 

The calculation is made as follows:—The area of the large cylinder 
as shown in the diagram is 1580 square inches, or 9 583 square feet. 
The four revolutions of piston marked on the diagram, 49}, 52, 53, 
and 5z revolutions per minute, with a stroke of 2} feet, or say 258-12 
feet per minute, gives 258:12 x 9-583 x 60 = 146435 cubic feet per hour. 
And if we take the average pressure shown in the four diagrams at 
the end of the piston stroke, supposing the barometer to be 14:5 lbs., we 
find the weight of that steam to be about 44 cubic feet per 1b.; this num- 
ber, therefore, divided by 44, gives the quantity of steam as 3300 lbs, 

Vout. XL.—Tuirgp Sexies.—No. 6.—Decemebenr, 1860. 34 
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per hour; to this must be added one-twentieth for contents of ports 
and clearance, which makes 3465 lbs. of steam. 

This clearly gives the weight of the steam per hour given out of the 
cylinders after the work is perforr 1ed; to this, therefore, must be added 
the quantity of heat that must have disappeared during the per form- 
ance of the work; this in the case of the 7'hetis is about | of the entire 
heat; we must, therefore, add 1, or, say, 3465-4 693=4158 Ibs. of 
water must have been raised from a temperature of about ' and 
evaporated, or say 18 lbs. of water to the pound of coal said to be con- 
sumed. This result is about equal to 20 Ibs. of water evaporated at 
212° to the pound of coal consumed; a quantity quite absurd. 

It would therefore appear, before a proper comparison could be es- 
tablished between the merits of the Z'hetis’ boiler and that of any other 
boiler, a correct trial of the former would be necessary. In the mean- 
time we have but to consider that the report of Prof. Rankine was 
based on one hour’s consumption of, say 230 lbs. of coal, and compare 
that with a mass of boiler, water, and fire-brick weighing 20 tons, at 
a temperature of, say 300°, it is evident that the mass of heat in pro- 
portion to the coal consumed is so great that no conclusion should be 
made from such an experiment ; ; also, that when the quantity of coal 
said to be consumed, viz., 230 Ibs., is compared with area of fire-grate, 
say 40 square feet, it is evident that the result should not be depended 
upon, as no ordinary comparisons could be made of the pall of 
the fires before and after the experiment. In conclusion, let me ask 
of every one present to consider the trial trips of steamships and boil- 
ers in their true light, and before drawing any inference from such 
trials, make a perusal of results obtained from sea voyages. The eva- 
porative power and economy of boilers is one of the most important 
subjects for this Society to consider. We need only to refer to the 
report drawn up by the Steam Shipping Committee of the British As- 
sociation to show how mixed up the question of the relative efliciene y 
of the boilers and engines is generally considered. Indeed, the Ameri- 
can navy returns form the only reports showing the evaporative power 
of the boilers in this list, and the whole merit of a good ev: apors ating 
boiler is often sacrificed to the character of the engines. With regard 
to the Thetis, I would recommend any mistake to be remedied as soon 
as possible, as there are many contracts ef a most responsible nature 
formed in consequence of this re port, that will lead to serious loss and 
disappointment to the steam shipping interest and to the en gineering 
profession of this country. 


A Sheet of Paper Four Miles Long.* 


A sheet of tissue paper has been exhibiting at Co} yton, Devonshire. 
It measures in length four miles, being 21, “000 feet long, and is in 


breadth 6 feet 3 inches. The weight of it is but 196 pounds. It was 
manufactured in twelve hours. 


*From the London Builder, No. 906. 


A Course of Lectures, consisting of Illustrations of the Various Forces 
of Matter, i.e. of such as are called the Physical or Inorganic Forces.* 
By M. Farapay, D.C.L., F.R.S 


Lecture VI, (Jan. 7, 1860.)—The Correlation of the Physical Forces. 


We have frequently seen during the course of these lectures, that 
one of those powers or forces of matter of which I have written the 
names on that board, has produced results which are due to the action 
of some other force. Thus, you have seen the force of electricity act- 
ing in other ways than in attracting; you have also seen it combine 
matters together or disunite them by means of its action on the che- 
mical force; and in this case, therefore, you have an instance in which 
these two powers are related. But we have other and deeper relations 
than these; we have not meré ly to see how it is that one Ps wer affects 

force of heat affects chemical ey , and so for ‘th, 
but we must try and comprehend what relation they bear to e: 
and how these powers may be changed one into the oa r: ail it will 
to-day require all my care, and your care too, to make this clear to 
your minds. | shall be obliged to confine myself to one or two in- 
stances, because to take in the whole extent of this mutual relation and 
conversion of forces would surpass the human intellect. 

In the first place, then, here is a piece of fine Zn °° ‘oil, and if I 
cut it into narrow strips and apply the power of heat to it, admitting 

ai the same time, you will find that it burns; and 
it burns, you will be prepared to say that there is 

ki lace You see all that I have to do is to hold 

"gine : he side of the flame so as to let it ret heated, and 

allow the air which is flowing in to the flame from all sides to 

have access to it;—there is the piece of zinc burning just like a piece 
of wood, only brighter. A part of the zine is going up into the air in 
the form of that white smoke, and part is falling down on to the table. 
This, then, is the action of chemical affinity exerted between the zine 
and the oxygen of the air. I will show you what a curious kind of 
affinity this is by an experiment which is rather striking when seen 
for the first time. I have here some iron filings and gunpowder, and 
will mix them carefully together with as little rough handling as pos- 
sible; now we will compare the combustibility, so to speak, of the two. 
[ will pour some spirit of wine into a basin and set it on fire; and 
having our flame, I will drop this mixture of iron filings and gunpow- 
der through it, so that both sets of partic les will have an equal chance 
of burning. And now tell me which of them it is that burns. You 
see a plentiful combustion of the iron filings; but I want you to ob- 
serve that though they have equal chances of burning, we shall find 
that by far the greater part of the gunpowder remains untouched; | 
have only to drain off this spirit of wine er let the powder which has 
gone through the flame dry, which it will do in a few minutes, and I 
will then test it with a lighted match. So ready is the iron to burn, 


] } i 
anot r—how the 


* From the Lond, Chemical News, No. 10, 
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that it takes, under certain circumstances, even less time to catch fire 
than gunpowder. [As soon as the gunpowder was dry Mr. Anderson 
handed it to the Lecturer, who applied a lighted match to it, when the 
sudden flash showed how large a proportion of gunpowder had escaped 
combustion when falling through the flame of alcohol ] 

These are all cases of chemical affinity, and I show them to make 
you understand that we are about to enter upon the consideration of 
a strange kind of chemical affinity, and then to see how far we are en- 
abled to convert this force of affinity into electricity or magnetism, or 
any other of the forces which we have discussed. Here is some zine 
(I keep to the metal zine as it is very useful for our purpose), and I 
can produce hydrogen gas by putting the zine and sulphuric acid to- 
gether as they are in that retort; there you see the mixture which 
gives us hydrogen—the zinc is pulling the water to pieces and setting 
free hydrogen gas. Now we have learned by experience that if a little 
mercury is spread over that zinc, it does not take away its power of 
decomposing the water, but modifies it most curiously. See how that 
mixture is now boiling, but when I add a little mercury to it the gas 
ceases to come off. We have now se arcely a bubble of hydrogen set 
free, so that the action is suspended for the time. We have not de- 
stroyed the pewer of chemical affinity, but modified it in a wonderful 
and beautiful manner. Here are some pieces of zinc covered with 
mercury exactly in the same way as the zinc in that retort is covered, 
and if I put this plate into sulphuric acid I get no gas, but this most 
extraordinary thing occurs, that if I introduce along with the zine 
another metal which is not so combustible, then I reproduce all the 
action. Iam now going to put to the amalgamated zine in this retort 
some portions of copper wire (copper not bei ‘ing so combustible a metal 
as the zinc), and observe how I get hydrogen again, as in the first in- 
stance—there, the bubbles are coming over through the pneumatic 
trough, and ascending faster and faster in the jar; the zine, so to speak, 
is acting by reason of its contact with the copper. 

Every step we now take brings us to a knowledge of new phenomena. 
That hydrogen which you now see coming off so abundantly does not 
come from the zine as it did before, but from the copper. Here is a 
jar containing a solution of copper. If I put a piece of this amalga- 
mated zine in it, and leave it there, it has hardly any action, and here 
is a plate of platinum which I will immerse in the same solution, and 
might leave it there for hours, days, months, or even years, and no 
action would take place. But now I put them both in together, and 
let them touch each other (Fig. 1). See what a coating of copper 
there is immediately thrown down on the platinum. Why is this? 
The platinum has no power of itself to reduce the metal from that 
fluid, but it has in some mysterious way received this power by its 
contact with the metal zine. Here, then, you see a strange transfer 
of chemical force from one metal to another—the chemical foree from 
the zine is transferred, and made over to the platinum by the mere 
association of the two metals. I might take instead of the platinum, 
a piece of copper or silver, and it would have no action of its own on 
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this solution, but the moment the zine was introduced and touched to 
the other metal, then the action would take place, and it would become 
covered with copper. Now, is not this most wonderful and beautiful 
to see ¢ we still have the identical chemical force of the particles of zine 
acting, and yet in some strange manner we have power to make that 
chemical force, or something it produces, travel from one place to an- 
other—for we do make the chemical force travel from the zine to the 
platinum by this very curious experiment of using the two metals in the 
same fluid in contact with each other. 


Fig. 1. 


ag a — 


Let us now examine these phenomena a little more closely. Here 
is a drawing (Fig. 2) in which I have represented a vessel containing 
the acid liquid and the slips of zine and platinum or copper, and I 
have shown them touching each other outside by means of a wire com- 
ing from each of them (for it matters not whether they touch in the 
fluid or outside—by pieces of metal attached they still by that com- 
munication between them, have this power transferred from one to the 
other). Now, if instead of using only one vessel, as I have shown 
there, I take another, and another, and put in zine and platinum, zine 
and platinum, zine and platinum, and connect the platinum of one 
vessel with the zine of another, the platinum of this vessel with the 
zine of that, and so on, we should only be using a series of these ves- 
sels instead of one. This we have done in that arrangement which 
you see behind me. Iam using what we call a Grove’s voltaic battery, 
in which one metal is zine and the other platinum, and I have as many 


as forty pairs of these plates all exercising their Fig. 3. 
force at once in sending the whole amount oe 
chemical power there evolved through these wires \ Peel 


under the floor and up to these two rods coming 
through the table. We need do no more than 
just bring these two ends in contact, when the 
spark shows us what power is present; and what 
a strange thing it is to see that this force is 
brought away from the battery behind me, and 
carried along through these wires. Ihave here 
an apparatus (Fig. 3) which Sir Humphry Davy 
constructed many years ago, in order to see 
whether this power from the voltaic battery . 
caused bodies to attract each other in the same =—"SSaag 
manner as the ordinary electricity did. He made it in order to ex- 
34° 
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periment with his large voltaic battery, which was the most powerful 
then in existence. You see there are in this glass jar two leaves of 
gold, which I can cause to move to and fro by this rack work. I will 
connect each of these gold leaves with separate ends of this battery, 
and if I have a sufficient number of plates in the battery I shall be 
able to show you that there will be some attraction between those leaves 
even before ‘they come in contact; if I bring them sufficiently near 
when they are in communication with the ends of the b: attery, they 
will be drawn gently together, and you will know when this takes 
place, because the power will cause the gold leaves to burn away, 
which they could only do when they touched each other. Now Lam 
going to cause these two leaves of gol d to approach gradually, and I 
have no doubt that some of you will see that they approach be fore the "y 
burn, and those who are too far off to see them upproach will see by 
their burning that they have come together. Now they are attracting 
each other, long before the connexion is complete , and there the ‘y go! 
burnt up in that brilliant flash, so strong is the force. You thus see, 
from the attractive force at the two ends of this battery, that these are 
really and truly electrical phenomena. 

Now let us consider what is this spark. I take these two ends and 
bring them together, and there I get this glorious spark like the sun- 
light i in the heavens above us. What is this? It is the same thing 
which you saw when I discharged the large electrical machine, when 
you saw one single bright flash; it is the same thing, only continued, 
because here we have a more effective arrangement. Inste vad of havi Ing a 
machine which we are obliged to turn for a long time together, we have 
here a chemical power which sends forth the spark—and it is wonder- 
ful and beautiful to see how this spark is carried about through these 
wires. 1 want you to perceive, if possible, that this very spark and 
the heat it produces (for there is heat), is neither more nor less than 
the chemical force of the zinc—its very force carried along wires and 
conveyed to this place. Iam about to take a portion of the zinc and 
burn it in oxygen gas for the sake of showing you the kind of light 
produced by the actual combustion i in oxygen gas of some of this metal. 
[ A tassel of zinc-foil was ignited at a spirit lamp and introduced into a 
jar of oxygen, when it burnt with a brilliant light.] That shows you 
what the ‘affinity i is when we come to consider it in its energy and power. 
And the zine is being burned in the battery behind me at a much more 
rapid rate than you see in that jar, because the zinc is there dissolving 
and burning, and produces here this great electric light. That very 

same power which in that Jar you saw evolved from the actual combus- 
tion of the zine in oxygen is carried ulong these wires and made evi- 
dent here, and you may if you please consider that the zine is burning 
in those cells, and that this is the light of that burning [bringing the 
two poles in contact and showing the electric light]; and we might so 
arrange Our apparatus as to show that the amounts of power evolved 
in either case are identical. Having thus obtained power over the 
chemical force, how wonderfully we are able to convey it from place 
to place; when we use gunpowder for explosive purposes, we can send 
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into the mine chemical affinity by means of this electricity; not having 
provided fire beforehand, we can send it in at the moment we require 
it. Now here (Fig. 4) is a vessel containing two charcoal points, and 


I bring it forward as an illustration of the 
wonderful power of conveying this force from 
place to place. I have merely to connect these 
by means of wires to the opposite ends of the 
batt ry, and bring the points in contact. See! 
what an exhibition of force we have. We have 
exhausted the air so that the charcoal cannot 
burn, and therefore the light you see is really 
the burning of the zinc in the cells behind me 
—there is no disappearance of the carbon, al- 
though we have that glorious electric light; 
and the moment I cut off the connexion it stops. 


Here is a better instance to enable some of 


you to see the certainty with which we can 
convey this force where, under ordinary cir- 
cumstances, chemical affinity would not act. 
We may absolutely take these two charcoal 


poles down under water, and get our electric light there ;—there they 
are in the water, and you observe when I bring them into connexion 


we have the same light as we had in that glass vessel. 
Now, besides this production of light we have all the other effects 
and powers of burning zine. I have a few wires here which are not 


combustible, and | am going to take 
one of them, a small platinum wire, 
and suspe nd it between these two rods 
which are connected with the battery, 
and when contact is made at the bat- 
tery see what heat we get (Fig. 5). 
Is not that beautiful ?—it is a com- 
plete bridge of power. There is me- 
tallic connexion all the way round in 
this arrangement, and where I have 


Fig. 5. 


inserted the platinum, which offers some resistance to the passage of 
the force, you see what an amount of heat is evolved,—this is the heat 


which the zine would give if burnt in 
oxygen, but asit is being burnt in the 
voltaic battery it is giving it out at 
this spot. I will now shorten this 
wire for the sake of showing you that 
the shorter the obstructing wire is, 
the more and more intense is the heat, 
until at last our platinum is fused and 
falls down, breaking off the circuit. 

Here is another instance. I will 


Fig. 6. 


take a piece of the metal silver and place it on charcoal connected with 


one end of the battery, and lower the other charcoal pole on to it— 


404 Mechanics, Physics, and Chemistry. 


see how brilliantly it burns (Fig. 6). Here is a piece of iron on the 
charcoal, see what a combustion is going on; and we might go on in 
this way burning almost every thing we placed between the poles. 
Now, I want to show you that this power is still chemical affinity— 
that if we call the power which is evolved at this point heat or elee- 
tricity, or any other name referring to its source, or the way in which 
it travels, we still shall find it to be chemical action. Here is a co- 
lored liquid which can show by its change of color the effects of che- 
mical action; I will pour part of it into this glass, and you will find 
that these wires have a very strong action. 1am not going to show 
you any effects of combustion or heat, but I will take these two pla- 
tinum plates, and fasten one to the one pole and the other to the other 
end, and place them in this solution, and in a very short time you will 
see the blue color will be entirely destroyed. See, it is colorless now 
—I have merely brought the end of these wires into the solution of 
indigo, and the power of electricity has come through these wires and 
made itself evident by its chemical action. There is also another cu- 
rious thing to be noticed now we are dealing with the chemistry of 
electricity, which is that the chemical power which destroys the color 
is only due to the action on one side. I will pour some more of this 
sulphindigotic acid into a flat dish, and will then make a porous dyke 

Fig. 7. of sand separating the two portions of fluid 
into two parts (Fig. 7), and now we shall be 
able to see whether there is any difference in 
the two ends of the battery, and which it is 
that possesses this peculiar action. You see 
it is the one on my right hand which has the 
power of destroying the blue, for the portion 
on that side is thoroughly bleached, while no- 
thing has ssiiheally occurred on the other side. Is say apparently, 
for you must not imagine, that because you cannot perceive any action 
none has taken place. 

Here we have another instance of chemical action. I take these 
platinum plates again and immerse them in this solution of copper 
from which we formerly precipitated some of the metal, when the pla- 
tinum and zine were both put in it together. You see that these two 
platinum plates have no chemical action of any kind, they might re- 
main in the solution as long as I liked, without having any power of 
themselves to reduce the copper; but the moment I bring the two 
poles of the battery in contact with them, the chemical action which 
is there transformed into electric ity and carried along the wires, again 
becomes chemical action at the two platinum poles, and now we shall 
have the power appearing on the left hand side, and throwing down 
the copper in the metallic state on the platinum plate; and in this way 
I might give you many instances of the extraordinary way in which 
this chemical action or ‘electricity may be carried about. That strange 
nugget of gold, of which there is a model in the other room, and which 
has an interest of its own in the natural history of gold, and which 
came from Ballarat, and was worth £8000 or £9000 when it was melted 
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down last November, was brought together in the bowels of the earth, 
perhaps ages and ages ago, by some ‘such power as this. And there 
is also another beautiful result dependent upon chemical affinity in 
that fine lead-tree, the lead growing and growing by virtue of this 
power. The lead and the zine are combined together in a little vol- 
taic arrangement, in a manner far more important than the powerful 
one you see here, because in nature these minute actions are going on 
for ever, and are of great and wonderful importance in the precipita- 
tion of metals and formation of mineral veins, and so forth. These 
actions are not for a limited time, like my battery here, but they act 
for ever in small degrees, accumulating more and more of the results. 

I have here given yon all the illustrations that time will permit me 
to show you of chemical affinity producing electricity, and electricity 
again bee ming chemical affinity. Let that sufhice for the present ; 
and let us now go a little deeper into the subject of this chemical force, 
or this el etricity— which shall I name first ?—the one producing the 
other in a variety of ways. These forces are also wonderful in their 
power of producing another of the forces we have been considering, 
namely, that of magnetism, and you know that it is only of late years, 
and long since I was born, that the discovery of the relations of these 
two forces of electricity and chemical affinity to produce magnetism 
have become known. Philosophers had been suspecting this affinity 
for a long time, and had long had great hopes of success—for in the 
pursuit of science we first start with hopes and expectations; these we 
realize and establish never again to be lost, and upon them we found 
new expectations of further discoveries, and so go on pursuing, real- 
izing, establishing, and founding new hopes again and again. 

Now observe this: here is a piece of wire which I am about to make 
into a bridge of force, that is to say, a communicator between the two 


ends of the battery. It is copper wire only, and is therefore not mag- 
netic of itself. We will examine this wire with our magnetic ne edle 
Fig. 8. 
Hi) = 
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(Fig. 8), and though connected with one extreme end of the battery, 
you see that before the circuit is complete d it has no power over the 
magnet. But observe it when I make contact; watch the needle, see 
how it 1s swung round, yer notice how indifferent it becomes if l break 
contact again; so you see we have this wire evidently affecting the 
magnetic needle under these circumstances. Let me show you that a 

little more strongly. I have here a quantity of wire whic h has been 
wound into a spiral, and this will affect the magnetic needle in a very 
curious manner, because, owing to its shape, it will act very like a real 
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magnet. The copper spiral has no power over that magnetic needle 
at present, but if I cause the electric current to circulate through it, 
by bringing the two ends of the battery in contact with the ends of 
the wire which forms the spiral, what will happen? Why one end of 
the needle is most powerfully drawn to it; and if I take the other end 
of the needle it is repelled; so you see I have produced exactly the 
same phenomena as I had with the bar magnet,—one end attracting 
and the other repelling. Is not this then curious to see that we can 
construct a magnet of copper? Furthermore, if I take an iron bar, 
and put it inside the coil, so long as there is no electric current cir- 
culating round, it has no attraction,—as you will observe if I bring 
a little iron filings or nails near the iron. But now if I make contact 
with the battery they are attracted at once. It becomes at once a 
Fig. 9. 


= niin iano 


powerful magnet, so much so that I should not wonder if these mag- 
netic needles on different parts of the table pointed to it. And I will 
show you by another experiment what an attraction it has. This piece 
and that piece of iron, and many other pieces are now strongly at- 
tracted (Fig. 9), but as soon as | ‘break contact the power is all gone 
Fig. 10. and they fall. What then can be a better 

or a stronger proof than this of the relation 
of the powers of magnetism and electricity? 
Again, here is a little piece of iron which 
is not yet magnetized. It will not at pre- 
sent take up any one of these nails; but I 
will take a piece of wire and coil it round 
the iron (the wire being covered with cotton 
in every part so that it does not touch the 
iron), so that the current must go round 
in this spiral coil; 1 am, in fact, prepar- 
ing an electro-magnet (we are obliged to 
use such terms to express our meaning, 
because it is a magnet made by electricity, 
or —because we produce by the force of elec- 
tricity a magnet of far greater power than a permanent steel one). 
It is now completed, and I will re peat the experiment which you saw 
the other day, of building up a bridge of iron nails; the contact is 
now made and the current is going through; it is now a powerful mag- 
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net; here are the iron nails which we had the other day, and now I 
have brought this magnet near them they are clinging so hard that I 
can scarcely move them with my hand (Fig. 10). But when the con- 
tact is broken, see how they fall. What can show you better than 
such an experiment as this, the magnetic attraction with which we 
have endowed these portions of iron? Here again is a fine illustration 
of this strong power of magnetism. It is a magnet of the same sort as 
the one you have just seen. Iam about to make a current of elec- 
tricity pass through the wires which are round this iron for th pur- 
pose of showing you what powerful effects we get. Here are th« poles 
of the magnet; and let us place on one of them this long bar of iron. 
You see as soon as contact is made how it rises in position (Fig. 11); 


and if I take such a piece as this cylinder, and place it on, wo be to 
me if I get my finger between; I can roll it over, but if I try to pull 
it off, I might lift up the whole magnet, but I have no power to over- 
come the magnetic power which is here evident. I might give you an 
infinity of illustrations of this high magnetic power. There is that 
long bar of iron held out, and I have no doubt if I were to examine 
the other end I should find that it was a magnet. See what power it 
must have to support not only these nails but all these lumps of iron 
hanging on tothe end. What then can surpass these evidences of the 
change of chemical force into electricity, and electricity into marcnet- 
ism? I might show you many other experiments whereby I could ob- 
tain electricity and chemical action, heat and light from a magnet, 
but what more need I show you to prove the universal correlation of 
the physical forces of matter, and their mutual conversion one into 
another ? 

And now let us give place as juveniles to the respect we owe to our 
elders; and for a time let me address myself to those of our seniors 
who have honored me with their presence during these lectures. I 
wish to claim this moment for the purpose of tendering our thanks to 
them, and my thanks to you all for the way in which you have borne 
the inconvenience that I at first subjected you to. I hope that the in- 
sight which you have here gained into some of the laws by which the 
universe is governed, may be the occasion of some amongst you turning 
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your attention to these subjects; for what study is there more fitted 
to the mind of man than that of the physical sciences? And what is 
there more capable of giving him an insight into the actions of those 
laws, a knowledge of which gives interest to the most trifling phenome- 
non of nature, and makes the observing student find 
6 tongues in trees, books in the running brooks, 
Sermons in stones, and good in every thing.” 


Patent Steel Plates.* By Davip Livinastone. 
River Zambesi, East Africa, 12th January, 1860. 

Str:—The insertion of the following note in the Journal of the 
Society of Arts may prove of public service in preventing any other 
expedition trusting to a vessel built of the “ patent steel plates,”’ which 
have caused us so much toil, loss of time, and annoyance. 

It is probable that there are purposes to which these patent steel 
plates might be applied with great advantage, but eighteen months ex- 
perience in a steam punt constructed of this material, has proved that 
the substance cannot be trusted in tropical waters. Whatever may be 
the process by which the plates are converted into steel, a very re- 
markable decomposition soun takes place when exposed to the heat and 
moisture of this climate, and a considerable portion of the plate be- 
comes what possibly is the black oxide of iron. In our case, the whole 
vessel was painted thoroughly, inside and outside, with Peacock’s pa- 
tent paint while on the deck of another vessel in the voyage out. But 
this proved no protection, for a process of decomposition began on both 
surfaces, altogether different from the common rust of iron. Scales 
of a jet black color were formed, and when detached the plates were 
found to be as smooth and black as if they had left the rollers but an 
hour before. The scales are black in their substance, too, and strongly 
magnetic. The paint, firmly adherent on the outer surface, showed 
that it had failed to prevent the process, and curiously enough, the 
rivets, which are probably of common steel, neither rusted nor decom- 
posed. Fora considerable time the process of scaling off and leaving 
a smooth, black, and even shining surface, made us believe that the 
plates were suffering no harm by exposure to the weather. Friction 
had no effect in wearing them. But the decomposition was going on 
at the same rate inside; blisters, also, were formed, and at the bottom 
of each there was a minute hole right through, and at the end of twelve 
mouths the removal of the internal surface scale left us with plates as 
thin as wafers, and so full of small holes our wretched craft might have 
been converted into a coffee strainer for the entire Society of Arts, 
The plates were only one-sixteenth of an inch in thickness at the be- 
ginning, and the internal scales are one-thirty-second of an inch. The 
framework being of the flimsiest contract style, any attempt at mend- 
ing involving hammering or wedging would have been putting a new 
piece into an old garment, so we hi ul to resort to puddling her with 
stiff clay. This served for a while, but the holes becoming too large, we 
were obliged to run down to the sea, and with the assistance of the ‘tides, 

* From the Journal of the Society of Arts, No. 406. 


On Foot Valves in Condensers and Air Pumps. 409 


get her out of the water. By digging the sand from beneath, we 
reached the worst places, and the engineers, Messrs. Rae and Hill, 
assisted by men from H. M. 8. Lynz, put planks outside and inside, 
with plies of canvass and white lead, sandwich fashion, and guaranteed 
her to float any time between three days and six weeks. New leaks, 
however, forced us to beach before the first period ee and 
though rather annoyed at being kept tinkering, instead of doing good 
service to the cause of African civilization, we must, as we have often 
done with disagreeables before, “* put up with it.”’ 

No advantage whatever has been gained by the employment of these 
steel plates. The contractor intended that by their use the vessel 
\ draw thirteen inches only, but when we tried her fairly out here 
in salt water, without fuel, gear, crew. or water in the boiler, she drew 
twenty-thire e inches, and her paddle floats are, of course, ten inches 
too deep. It was promised that she could carry from ten to twelve 
tons, but four tons bring her down to 2 ft. T ins. and within a few inches 


of the paddle wheel shaft, while six tons would sink her altogether. 
Nor have we gained the least in speed, for, instead of *‘ ten knots, 
at least,’’ promised, we have to be content with a top speed of o}. 


This may in part be owing to the peculiar form adopted—an imitation 
of the Niger canoes, 7. e., long, narrow, and turned up at the ends. 
The negro reasons for this sh: ape are sensible enou oh, ahey cannot 
make them broader than the tre es, and make up in length what the y 
cannot have in ner <P and they are turne “l up at the ends to avoid 
the shock which would be felt in coming to a honk. were they not made 
to slide up. These reasons are not so very recondite as to induce us 
to forsake the wave line of Mr. Scott Russell surely. Here we often 
see canoes made out of crooked trees, and as they are simply hollowed 
out, the canoe retains the bends of the stock. Some future contra tor, 
if using other people's money, may infer that these crooked canoes 
are exactly suited for turning ¢ round corners, instead of inferring that 
the owners had no straight trees near the river 


On Foot Valves in Condensers and Air Pumps.” 

The subject of foot valves in air pumps has, by engineers, been too 
much overlooked. It is of the greatest importance in marine engines, 
particularly in propeller engines, where the machinery is applied di- 
rect to the propeller shaft. Captain Carlsund, in Motala, I believe was 
the first engineer who paid attention to the proper arrangement in air 
pumps and foot valves; he applies his machinery with the air pump 
direct to the propeller shaft, making 100 to 180 revolutions per min- 
ute, and is found to work exceedingly well, in America and Eng- 
land they have been obliged to gear the a ape np down toa slower 
motion, or when attempting to apply i it direct ane ct action machine TY, 
it has sometimes ended in a total destruction of the whole; the true 
cause of the blunder has been concealed and made over and over again. 

The disproportion of foot valves has caused the loss of millions of 

From the Lond. Artizan, Oct., 1800 
Vo.t. XL.—Tuairp Series.—No. 6.—Decemser, 1860. 35 
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dollars in America; for instance, the first engines on the frigate San 

Jacinto, U.S.N., broke down from the disarrangements of the air 

pumps. The La Fayette’s engines, which I believe had the worst air 

pumps ever constructed for the purpose, broke down from the same 
cause; also, the City of Petersburg, and others, all American first- 
class steamers. 

When the air pump is working, the water is forced through the foot 
valve by the pressure or the deficiency of vacuum in the condenser. 
Every pound of pressure per square inch balances a column of w ater 
of about 27 inches high; for instance, if the vacuum in the condenser 
is 24 inches of mercury, which is terme “d 12 pounds per square inch, 
and the atmospheric pressure being 14°75, then 14-75—12 = 2-75 Ibs. 
which will be the pressure per square inch in the condenser, and 2-75 
x 27 = 74:25 inches, or 6°2 feet, the head, which presses the water 
through the foot valve into the air pump. According to the relative po- 
sition “of the condenser and air pump, there may be an additional head, 
as when the water level in the condenser is above the air pump piston. 

I will here endeavor to give some formule, by which to determine 
the area of foot valves, and size of air pumps, which will be found to 
be of the greatest importance for propeller engines. 

Dp = diameter of steam cylinder in inches. 

s =stroke of piston in inches, double acting. 

d = diameter of air pump in inches. 

s=stroke of air pump piston in inches. 

a=z=area of foot valves in square inches. 

n= number of double strokes of the air pump piston per minute, 

when the air pump is applied direct to the engines. 

m — co-efficient for friction and resistance to the water in passing 

through the foot valve, estimated to 0-6 to 0°7. 

n == pressure in the condenser, or deficiency of vacuum in pounds 

per square inch. 
= temperature of the ex xhaust steam, Fahrenheit’s seale. 

: specific volume of the exhaust compared with water. 

Assuming the temperature of the conde ‘nsing water 100°, and 
the injection water 50° Fahrenheit’s scale, we shall have the 
following formule : 

d= 0°326 > tl 7 ) 
ks 

s (890+ 1) 


kd ’ 


s (890+ Tr) ) 
d=0231p |! J 
ks , 


or s (890+ 17 
s=0-053 p? \ ‘ 
k d* 

os Sn (890 + T) 
23,000 mk /p 


By the last formula, it appears, the proper area of the foot valve is 


Single acting air pumps. 
s=0-106 pb? 


Double acting air pumps. 


area of foot valve. 
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independent of the capacity of the air pump,—such is actually the 
case; if the foot valve is made too small the air cannot pump water 
enough for a good vacuum, however large it may be. It is most fre- 
quently the case in propeller engines that the air pump is too large 
and the foot valve too small. 

Erample.—aA single acting air pump is to be constructed for an 
engine ol 

D = 75°75 inches, the diameter of cylinder. 
30 inches, the stroke of piston. 

Steam pressure to be 20 lbs. per square inch, expanded }; vacuum 
in the condenser to be 12°75 lbs., or p= 2; stroke of the air pump 
piston to be s= 18 inches. Required, the diameter of the air pump 
d, and area of the foot valve a? 

Steam pressure, 20 + 15= 35 lbs.; expanded one-half = 17:5 lbs., 
the pressure of the exhaust steam; temperature T= 221°, and k= 
1440 the specific volume. ‘The diameter of the air pump will be 


d = 0°326 x 75:75 A: : ete 2 =21) = 30-64 inches. 
1440 x 18 
The air pump making n=45 double strokes per minute, area of the 
foot valve will be 
75°75? «x 36 « 45 (890 ~t- 991) 
23,000 x 1440 x0-64x 72 


a= = 344 square inches. 

The dimensions in this example are similar to that of the engines in 
the line-of-battle ship Rattvisan, except the air pumps, are there 42 
inches diameter, and area of the foot valve is only 273 square inches, 
while this example gives only 30°64 diameter, and 344 square inches 
of foot valve. 

This, I believe, is an error in all the upright trunk propeiler engines. 

Referring to the Artizan for November, 1856, it will be found that 
the United States steam frigate Merrimac suffered the breaking down 
of her foot valves on her passage from America to England. The 
Artizan states that the original foot valves were only 176 square ins., 
that new ones were replaced of 230 square inches, while the frigate 
laid at Southampton, and that about one pound of vacuum was gained 
with the increased foot valve. Dimensions of the engines of the Merri- 
mac are, diameter of cylinders 72 inches, stroke of piston 3 feet, diame- 
ter of air pumps 22 inches, stroke of air pump 3 feet double acting. 

When, by this calculation and formule, the area of the foot valve 
becomes nearly the same size, or greater than the area of the air pump 
piston, the latter must be made double acting, and half the calculated 
area of the foot valve to be applied at each end of the air pump. In 
very high velocity the area of the foot valve may become greater than 
the area of the double acting air pump; in such cases it Is necessary 
to make plungers, so that the section area of the space in which the 
plunger moves is greater than the area of the foot valve, and the ope- 
ration will be rendered efficient. 
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On Etching.* 


Ornamentation on metals, glass, and porcelain, has come into consi- 
derable use; and, believing as we do, that such work would not only be 
pleasant to amateurs, but might also be useful to others, we think that 
a few brief and practical notes on the subject may not be out of place. 

First, as regards copper plates—which in many respects have an 
advantage over steel for the use of amateurs,—procure a thin plate, 
properly polished on the surface, at any of the regularly established 
copper-smiths. These can be had of the size of several feet down to 
a few inches. The surface of the plate being bright and free from 
tarnish, remove all grease with great care by washing with spirit of 
turpentine and then rubbing with very fine whitening and wash-leather. 
Care must be taken not to scratch the plate. 

Having got rid of all grease, fix a hand-vice to one corner or some 
other convenient part of the plate; it is then ready for the reception 
of the etching-ground—a preparation chiefly composed of asphaltum, 
pitch, and virgin wax ; there is, however, a great art in making this 
sufficiently plastic, so as to admit of its being properly spread upon 
the plate when heated. It is better for ordinary purposes to purchase 
it at the copper-smith’s or tool-shop, where a supply can be had for 
about one shilling. <A dabber, for the purpose of laying the ground 
on the plate, is also necessary. This is of a mus shroom shape, and 
composed outwardly of very fine silk or kid leather, free from grease ; 
the inside is pad ded with wool. This can be re adily made by any per- 
son who has seen one of them. In order to prevent any grit or im- 
purity which may chance to be in the etching-ground, it is better to 
tie it in silk. For the purpose of heating the plate, a hot iron, or a 
spirit lamp, placed below an iron frame on which the plate may rest, 
or other contrivance may be used. Care is to be taken to make as 
little dust as possible. The metal must not be allowed to get too hot, 
for that would burn the etching-ground, and prevent it from sufficiently 
resisting the acid. The plate being of a proper heat, by drawing the 
etching-ground over the face, a small quantity will be lodged upon 
it. This in the first instance is uneven; but may be spread in a flat, 
thin, even manner. Every part must be covere d by the ground, or 
else the acid would leave such places as are bare liab le to be corrode ; 
into holes. The ground, when this is spread on the surface, is of 
light brown color, so delicate that it is difficult to see any pencil out- 
line which might be transferred, or properly to see the scratches made 
by the etching-needle. In order to darken this, it is necessary, while 
the plate and etching-ground are still warm, to smoke it by the flame 
of a wax taper or candle. The flame must be kept moving about, and 
not allowed to touch the plate so closely as to burn the ground. 

These operations, although simple, require some little practice and 
experience ; and it is, perhaps, a good plan either to take a lesson or 
two in ground-laying, and the other parts of this process, from an en- 

* From the Lond. Builder, No. 918. 
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graver, or else to get one of this profession to lay the ground and bite in 
the plate when etched. 

The ground having been made ready and the plate cold, an outline 
of the subject, prepared on ordinary or tracing paper, should be damped 
and transferred by means of pressure. The best way to manage this 
is to take it to a copper- plate printer, who will do it effectually for a 
few pence; for those living in the country where such convenience 
cannot properly be had, this transfer can be made by one of the ordi- 
nary letter copying machines, or by going very delicately over the back 
of the outlines with a pencil or other instrument which is not too sharp. 

This having been done by means of an etching-point, which can be 
had at the tool-makers, the design can be readily scratched upon the 
plate. Attention is needed to mark the lines quite through the ground. 
The hand should also be prevented from coming in contact with the 
ground, and all unnecessary scratches be carefully avoided. This may, 
to a considerable extent, be done, by forming a bridge of a flat ruler, 
supported by pieces of card-board : folded paper. 

Wherever the etching-ground has been passed through by the etching- 
needle, that part is liable to be eaten into a line by the application of 
acid; on no other portion however, if properly done, should the acid work. 

It being necessary to cover the ete hing with an even de pth of di- 
luted acid (from a quarter to half an inch), in order to produce equality 
in the diting, it is needed to form a wall of wax round the margin of 
the work. The best material for this is bees-wax with a small part of 
Burgundy-pitch added, and then the mixture boiled until the whole is 
well mixed. This, when needed for use, should be put into warm 
water, and then it can be readily raised round the plate and pressed 
down by the fingers, and after that more firmly by the handle of the 
etching-point, so that a sort of tank is formed, which will contain the 
acid as long as it may be necessary. 

With the greatest care scratches may be made, or it may be neces- 
sary to erase parts, or the wax wall may not be sufficiently tight. In 
order to remedy this, turpentine-varnish, or the ordinary ** Brunswick 
black’’ used for stoves, m: iy be employed, thinned to a proper extent 
by turpentine, and app lied with a black-lead peneil. 

For the purpose of ‘biting in’’ the plate, as the engravers call it, 
nitrous acid of the purest description should be mixed—one part of 
acid and three parts water—which should be stirred up with a feather 
or pencil; soon the lines will be covered with minute globules; and, 
in proportion to the time the acid is allowed to remain, the etched lines 
will become thicker and deeper. 

As a matter of course, in order to produce a delicate and refined 
effect a variety of thicknesses of line is de rene le; and, although much 
can 7 done by the pressure of the point, by hatching, doub ling lines, 
Kc., it is in most cases necessary to allow the acid differe nt times of 
er sd for instance, it will be desirable to keep distant mountains and 
landscape thin, and to bring out the foreground by bold and deep lines, 
In order to manage this, the acid must be pesnen off into a vessel for 
further use, and then the plate must be well washed with clear water, 
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and afterwards dried with a bellows or other means; then such parts 
of the etching as are of sufficient depth should be covered with the var- 
nish in the same manner as the blemishes to which we have referred. 
This operation may be performed any number of times, each time 
washing and drying the plate; this must be also done when the biting 
is completed; and, then, by gently heating the back of the plate, the 
wall may be drawn off, and by means of a little spirit of turpentine 
and oil, the surface of the plate may be cleared of the etching-ground. 
There are other operations, such as re-biting, re-etching (by touching 
with the graver), and by working with a point without the use of acid, 
&c., &e.; these, however, would require much space to describe, and 
this we will not just now do, as it is more particularly our object in 
mentioning the above to make operations which might be useful in m: ny 
manufactures more readily understood. 

In the same manner, but with the use of different acids, and on any 
scale, etching may be applied to steel, iron, brass, glass, and, lately, 
we are told, to porcelain. For steel, nitric acid very largely diluted 
with pyroligneous acid until it does not taste much stronger than vine- 
gar, is best. On brass we have seen diaper and other ornaments pro- 
duced with great clearness and r: — in the following manner. On 
large works, such as monumental brasses, experience has shown that 
in the biting, either by nitric or nitrous acid, before a great depth is 
got the biting of the lines is stopped by the formation of a black oxide, 
which it requires a very strong preparation of nitrous and sulp huric 
acid to remove and keep i in solution; and this after a time proves too 
strong, and tears up the ordinary etching-ground; it has, however, 
been found that turpentine- -varnish, if allowed for a few di ays to harden, 
has a great resistance; and by the use of this when diapers, &c., are 
outlined, the raised parts may be painted with the varnish ; and, when 
hard, the acid applied; and it is astonishing what good effect may be 
produced by these means. Large surfaces for the relief of foliage, 
figures, letters, Xec., may by this means, be executed with rapidity, 
either for filling in ‘with colored shellac o r pigments. 

The painting p of these ornamental plates with varnish might be the 
means of affording employment to females, and probably the prepara- 
tion of embossing, and otherwise ornamenting glass to be bitten by 
fluoric acid, might also be brought into far more extensive use than it 
is at present, and would also provide a certain amount of respectable 
Jabor for females. 
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Cultivators, ° T. E. C. Brinly, 


e J. F. Wood, 

° G. W.N. Yost, 
—,— Cotton ° W. W. Golsan, 
ae J. C. Sellers, 
Curtain Fixture, . J. F. Hall, 

° J.C. Whitwell, 


Dental Chairs,—Construction of Justus Ask, 

Dividers,—Spring J. W. Strange, 
Door Latch, . 
Doors and Gates,—Closing 
Draw-bridges,—Self-acting 


Stephen Stewart 


Egg-beater, . H. F. Drott, 
Electro-magnets, . 
Electro-magnetic Apparatus, 
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C. T. Che ster, 
Jerome Kidder, 
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Excavating Machines, ° M. B. True, 
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Harvesters,— Raking Appa’s for W.A. Wood, . Hoosick Falls, N.Y. 11 
C. P. Gronberg, ° Aurora, Til. 11 


Harvesting Machines, . Bernhard Mertz, Burlington, Iowa, 11 
Hatchways,—Opening & Clos’g E. ©. Ford, . City of N.Y. 25 
Hats,— Ventilating ° Arthur Maginnis, Philadelphia, Penna. 11 
Hay Elevating Forks, ],. A. Beardsley, ° S. Edmeston, N.Y. I1 
— Rakes, ° C.J. Fay, ° Hammonton, eR 25 
— and Straw Cutters, J. D. Felthousen, ° Mich. City, Ind 18 
ee —__—— D. H. Whittemore, Lynchburg, Va. 1 
Heating by Hot Water, Hunter & Geissenhainer, City of N.Y. 18 
Heating Buildings,—Appa’s for George Marlow, . Cincinnati, Ohio, 11 
Hemp Brakes, . R. J Gatling, . Indianap ils, Ind. | 
‘jade = . Ives Scoville, = Chicago, Ill. 20 
Hops,—Preserving ; J.C. Baldwin and others, Waterville, Nore SS 
Horse Collars,—Hames for Martin Drew, : St. Paul, Minn. 18 
Horse-powers, , Benjamin Bogue, . Trenton, Iowa. 4 
Horse Rakes, ‘ Daniel Strock, . Chambersburg, Penna. 11 
Horses to Vehicles,— Attaching Austin Avery, ° S. Windham, Conn is 
Hose W aterpro I H. A. Alden, . Matteawan, | 18 
Hydrants, ‘ Albert Fuller, ‘ Cincinnati, Ohio, i 
Jack Screws, ° E. W. Cady, ° Tomah, Wis. ll 
Journal Boxes, ‘ P. S. Devian, , Elizabethport, N.J. 25 


Lamps, ° H. J. Batchelder, Marlboro’, Mass. i8 
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—_—._ ,— Hanging Torch C. H. Cooper, ‘ City of a 
Moulds for Glass Joshua Jenkins, Boston, Mass. 18 
Lifting Jack, ° George Benjamin, ° Avoca, N.Y. 18 
Lightning Rods, . David W ooster, . Seymour, Conn, 4 
Locks, ° J. L. Hall, ; Cincinnati, Ohio, 25 
omennen ‘ C.F. Johnson and others, Owego, so Be EI 
ques e George Rosner, ° Rochester, 66 i8 
——— ° E. P. W hitney, . Westfield, 6 1 
Lock for Burglar-proof Pockets, W J. Seott, ° Albany, 25 
—— Portable Door E. G. F. Arndt, . Rondout, “ 18 
Locom tive Engines, . A.J Graham, . Portlat a Oreg Nn, 4 
——a - -.— Dischar. John Greacen, Jr., City of | > A | 
Looms,—Power, ° Furbush & Crompton, W orcester, Mass. 4 
M t ele rie Ay iratus H. N. Baker, B t IT } N \ 4 
Malt K 8 } ors! Henry I inz e Ph idelpt! t Penna 49) 
M e Spreader,—Roller and = John Lyker, ° Argosville, N. ¥ 25 
Meat Cutter, . J. G. Perry, ‘ S. Kingston, cae 18 
Medicinal Extracts,—Prepar. of A. J. Despinoy, . Lille, France, 18 
Milk-straining Pails, R H. Buckins, ‘ Canton, Ohio, 18 
Mills.—Fanning . B. F. Roe, ‘ Nebraska City, Nebr. 11 
——,—Feeding Grain to. M. H. Ferguson, ‘ Sunfish, Ohio, ll 
M ill-dams.— Waste Gates for Siduey Hudson, Milford, Mich. j 
Millstones.—Balancing . D. Fellenbaum, P lancaster, Penna. 4 
Ke | C.D. Brewer, . Lewisburg, 6 4 
— -—-——,— Hanging ‘ Z. Me Daniel, : Bowling Green, Ky. ll 
Miter Box, ° H. B. N ish, ° Sandy Hill. — ! # ll 
Mop Wringer, ° C. 8. Schmidt, ° City of es 25 
Mortising Machines, H. C. Smith, ‘ Clarksville, Ohio, 
Motion,—Stopping & Changing F. A. Pratt, | Hartford, Conn. 
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Paper,—Trimming Julius Koch, : S. Adams, Mass. 
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Sawing Out Shingles, J. R. Hall, . Brunswick, Me. il 
School Desk, ‘ Amos Chase, P N. Weare, N.H. 11 
School Desks,—System of 8. L. Wilkinson, Cross Plains, Tenn. 18 
Seed Planters, . W. H. Barber, e Wolcottville, Conn. 4 
- — ‘ W. W. Golsan, . Autaugaville, Ala. 4 
——_—__——— e A. F. Hines, Washington, D.C, 4 
Seeding Machines, Ball & Nauman, Dayton, Ohio, 25 
— : Benjamin Barnard, . Farmington, 25 

— David Eldred, . Monmouth, Ill. 25 

a ‘ A. R. Park, ° Columbia, Texas, 4 
Sewing ——-—— G. B. & A. Arnold, City of N.Y. 25 
a e Dwight Tracy, ° Worcester, Mass. Ll 
a T. S. Washburn, Rochester, oe Pe 
Sheathing Ships, &c., - John Revere, P Boston, Mass. 4 
Shingles,—Sawing August Pernot, . Chilton, Wis 4 
Ship-buil ling, m 8. L. Pionnier, ° City ol A 4 
Ships Air Ports, . Maupin & Rooke, Portsmouth, Va. 18 
—— Windlass,—Vertical Charles Perley, . City of N.¥. Ill 
Shirt Bosoms, ‘ Ira Perego, Jr., . os ais 25 
Shirting,—Evening the Edges of A. T. Underhill, e “ 11 
Shoe L ists, ° Franklin M iynard, Cambri lve, Mass. 25 
Skates, e Luther Fogg, . Boston, “ t 
Smoothing Iron and Lamp, Leonard Bricker, Springfield, Iil. ll 
Smut Machines, : H. W. Shipley, . Mt. Vernon, Ohio, 11 
— and Scouring Machines, James White, . Cleveland, “ 25 
Sowing Machines, ° J. L. Garlington, ‘ Snapp'g Shoals, Ga. 25 
casnimmnigeninii — W. D. Mason, . Jarratt’s Dep t, Va. 4 
Spoke-shave, . Samuel Leonard, ° Bridgewater, Mass. 18 
Staves,—Jointing . Wim. Robinson, . Augusta, Ga. ll 
——.,— Riving and Dressing “ ‘ “ “ ll 
Stables for Horses, &c.,—Safety Wm. FE. McIntire, Salem, Mass. 18 
Stave Jointer, ; Edmund Greenlee, . Summerhill t’p, Penna. 11 
—— Machines, . S. F. Gelston and others, Buffalo, a 
Steam Boilers,—Grates for F. A. Hull, , Belvidere, Jil. il 
—— Engines, . Wallace Wells, . City of *. ae 
——_——_—., — (" yt-off valves George Frost, ° Brookly n, - 25 
———— _,—(jovernors for S. H. Miller, . Hanoverton, Ohio, il 

—_ —Oscil. Valves George Burnham, e Pittsburgh, Penna. 25 
Hammers, Thomas Beach . Freeport, “ t 
Heating Apparatus, C. A. Wilson, ° Cincinnati, Ohio, 1 
Steel,.—Converting Iron into E. G. Pomeroy, . City of 4 
Thomas Sheehan, . Dunkirk, o i 

Stench Trap for Sinks, Alfred Carson, . City of “ 25 
Stirrups, ‘ D. W. Clark, : Stratford, Conn. 11 
Stoves, . W.B. Tre idwell, Albany, a. Bs 18 
—————— ' Zebulon Hunt, ‘ Hudson, ‘ 25 
———$—_—,—Fruit Dry’g D. C. Colby, . Newport, N.H. 18 

Stove Grate, ‘ J. W. Parnell, . Troy, N.Y. 25 
Straw Cutters, : Wm.B.Kern, . Middlebourne, Va. 18 
rn == Feeder for Daniel Fasig, ° Rowsburg, Ohio, 4 
Street Paving,—Rammer tor Wm. Beach, : Philadelphia, Penna. 18 
Sugar-cutting Machine, . Charles Kingler, ° City of N.Y. 25 
Sugar,—Relfining . H. u. C. Paulsen, = i8 
Swifts, : M. Hemingway, : Watertown, Conn. 18 
Scythes,—Hardening Holman & Kelly, Siaterville, es Ee 18 
Tanning,—A pparatus for Wau. H. Heald, ° Baltimore, Md. 11 
Teaching Children, J.J. Johnston, . Alleghany, Penna. 4 
Thread-dressing Machines, Julius Loeb, ‘ City of none. oh 
Threshing Machines, David Barger, . Columbia, “ ll 
cance een ARISE 4 A. B. Crawford, ° Piqua, Ohio, 4 
Tiles.—Blocks for Forming James Molyneux, Bordentown, a ll 


Tobacco,—Straightening, &c., W. W. Justis, . Genito, Va. il 


ee ee 
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Toilet,—Composition for 


Sampson American, 


Treadle Connexion for Machin’y, A. A. Raymond, 
Trip Hammer, , Alexander Morton, * 
Tuck and Plait Folders, . Reuben Brady, ‘ 
Turning Ovals,—Machines for I. 8. Barber, ‘ 
Umbrella Sticks,— W ood for Jonathan Ball, 
Valves,—Slide ‘ James Millholland, 
° John Randall, 
Veneers,—Chamfering George Williamson, 
Vulcanized Rubber,—Restoring D. D. Parmelee, ° 
W ash-board, A. Hoagland, 
Washing M scbien, ‘ S. W. Mudge, 
Wm Shafer, 

— . C. D. and S. M. Ober, 
Watches, : E. G. Elhot, 
Wells. &c.,—Rais’g Water from Joel Lee, E 
W heels,—Car . Wade «& K ive, 
——— .— Tightening Tires on Everett Bass, 
W hiffle-trees for Vehicles, M. C. Chamberlin, 
Windmills, . J. R. Babeock, 
Window Sashes,— Hanging L. W. Thickstan, 
— —— Shutter Stands, J. W. Ko pp, 
Wine Presses, r Win. S. Kimball, 
W ood-scre Ws, . George Freeman, 


EXTENSIONS. 


Acids,—Separat. Oleic & Stearic J. S. Gwynne, 
Sewing Machines, ° Elias Howe, Jr., 
Stoves, ° J. H. B. Latrobe, 


ADDITIONAL IMPROVEMENTS. 


Corn Planters, R W. C. on 
Hay.—Loading . = : Jo ‘ 
Stoves, ° Eh sbury, 


RE-ISSUES. 


Bags,—Making Paper ‘ E. W. Goodale, 
Cameras,—Plate-holder for A. 8. Seuthworth, 
Cloth,—Dry ing ° B. Sexton, ” 
Cordage,— Manufacturing W m. Josiin, 

Grain Separators, A J. L. Booth, 

Hay Making Machines, J. ©. Stoddard, 
Lamps, ° M. A. Dietz, 

— e Wm. Fulton, 
——-—.— Vapor ° A. M. Mace, 
Ovens,—Bakers . Hiram Berdan, 
Printing Presses,—Feeding S. and G. H. Ferguson, 
Ploughs,—Gang Henry Cowing, . 
Railroads, —Sleeping Cars for Eli Wheeler, ‘ 
Roofing Compositions, Henry Lester, . 
Seed Planters (5 Patents), G. W, Brown, 


Steam Engines,—Regulat. Valve N. C. Travis and othe rs, 
DESIGNS. 


Sad Trons, - Thomas Loring, : 
Stove,—Plates of a Horton «  M irtine, 


Cylinder 

———— > : Ww. W. Stanard, 
Stoves, | & F Vedder 
Washington Irving,—Medallion Marie L. Livingston, ; 


Chicago, 

Salem, Bane. 
City of N. ¥. 
Elmira, | A 
Reading, Penna. 
Elmira, a A 
Newark, N. J. 
Salem, Mass 
Jersey City, N. J. 
Rome, a 
Ripon, Wis. 
Morrisville, Vt. 
Elk Horn, Wis, 
Galesburg, Til. 
Pittsburgh, Penna. 
Calhoun co,, Cia. 


Johnsonsburg, N. Y. 


Canandaigua, as 
Chatfield, Minn. 
Chester, 1 Se - 
Rochester, - 
City of as 
City of oe 
Brooklyn, “ 
Baltimore, Md. 


Como Depot, Miss. 
Olean, Ind. 

Rochester, N. Y. 
Clinton, Mass, 
Boston, se 

E. Windsor, Conn. 
Cleveland, Ohio, 
Rochester, N. Y¥. 


W orcester, 
Brovokly n, 


Springfield, 
City of 
Malden Bridge, 


Corpus Christi, Texas, 


Elmira, N. 
Cincinnati, Ohi 
Galesburg, lll. 
Alton, “ 


Blackwoodt’n, N. 
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Philadelphia, Penna. 
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FRANKLIN INSTITUTE. 


Proceedings of the Stated Monthly Meeting, November 15, 1860. 
John C. Cresson, President, in the chair. 
John Agnew, Vice-President, ) — 
Isaac Bb. Garrigues, Recording Secretary, resent. 

The minutes of the last meeting were read and a yproved, 

Letters were read from Eli W. Blake, Esq., New Haven, Conn. ; 
and Jos. Wharton, Esq., Bethlehem, Penna. 

Donations to the Library were received from the Royal Institution, 
the Royal Astronomical Society, and the Zoological Socie ty, London ; 
the L iterary and P hilosophical Society, Liverpool, England; the K. 
A. Geologischen Reichsanstalt, the K. K. Geographischen Gesellchaft, 

ind the QOcsterreichischen Ingenieurs Verienes, Vienna, Austria; 
F rederick Emmerick, Esq., Washington, D. C.; the Providence Athe- 
n um, Providence, R. 1.; Samuel Clark, Esq., City of New York ; 
Henry Howson, Esq., and Prof. John F. Frazer, Philadelphia. 

The Periodicals received in exchange for the Journal of the Insti- 
tute, were laid on the table. 

The Treasurer’s statement of the receipts and payments for the 
month of October was read. 

The Board of Managers and Standing Committees reported their 
minutes. 

Kigit resignations of membership in the Institute were read and 
accept d. 

Candidates for membership in the Institute (14) were proposed, and 
the candidates proposed at the last meeting (18) duly elected. 

Blake Brothers sent a cut and description of their Ore and Stone 
Breaker, with an invitation to the members to witness its operation at 
a quarry near Germantown. It consists of a heavy cast iron frame, 
carrying a movable hinged jaw, operated by a toggle -joint which takes 
its motion from a lever and a crank of short throw. Eve ry revolution 
of the crank gives about one-quarter of an inch motion to the end of 
the jaw, which hangs nearly vertical, and so as to form, in connexion 
with the frame, a chamber for the reception of the stone. The size 
of this chamber varies with the size of the machine, being at the top 
from 10 ins. long by 5 ins. wide, to 20 ins. long by 7 ins. wide; whilst 
the bottom area, or exit for the broken stone, has the same length as 
the top, but of such width as may be desired to produce stone of the 
required size; the adjustment being made by a wedge and screw, or 
by Substituting longer or shorter bars in the toggle-joint. 

‘The product of these machines per hour, in cubic yards, of frag- 
ments, will vary considerably with the character of the stone broken. 
Stone that is granular in its fracture, like granite and most kinds of 
sandstone, will pass through more rapidly than that which is more 
compact in its structure. The kind of stone being the same, the pro- 
duct per hour will be in proportion to the width of the jaws, the dis- 
tance between them at the bottom, and the speed. 

Vor. XL.—Taixp Serizes.—No. 6.—Decemuer, 1860. 36 
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“The proper speed is about 200 revolutions per minute; and to 
make good road metal from hard compact stone, the jaws should be 
set from 1} to 1} ins. apart at the bottom. For softer and for granu- 
lar stones they may be set wider.” 

The following table will give an idea of the capacity of the breaker. 


| 
| Size of chamber at top.| Product per hour. Power required. 


| 3 cubic yards. 6 horses. 
| 44 és 


“ 


These machines are in use at the Central Park and new Reservoir, 
N. Y., Cooper & Hewitt’s blast furnace, and at Graff, Bennett & Co.'s 
Pittsburgh, and are said to give satisfaction in all cases. 

Mr. Joseph Wharton, of the Lehigh Zinc Works, sent an ingot of 
pure Zine for the inspection of the members. The ore from which it 
was made is obtained from the mines of the Lehigh Zine Co., near 
Bethlehem, Penna., at which town the works are located. About 30 
tons of metal are produced weekly, and when the furnaces are all in 
operation the production will be increased to two thousand tons per 
annum. All the articles required in the manufacture of the zine are 
made upon the premises: as retorts, muffels, fire-bricks, &c., of in- 
gredients brought from the surrounding country, no foreign material 
being used. This zine is claimed to be equal to the best distilled zine 
sold by manufacturing chemists. Prof. Booth, U. S. Mint, Prof. 
Bruel, Yale College, Mr. C. W. Eliot, and Mr. F. W. Storer, haye 
examined and approve its quality. 

A Rain Conductor, taken from the Farmers Market, was placed 
upon the table. Several of the conductors attached to the Market 
were, shortly after a heavy rain storm, found to be collapsed. This 
may have been owing to a sudden stoppage of the conductors near 
the top by shavings, and the consequent formation of a vacuum by 
the discharge of the water below the obstruction. Or, the water in 
falling through the conductor has, in obedience to the law of gravity, 
become attenuated more and more as it neared the ground, whilst the 
air has been carried along with its current, causing a partial vacuum, 
which the material of the conductor was not able to withstand. Asa 
parapet wall surrounds the roof, a head of water was above the en- 
trance to the conductors, and consequently no air could enter to sup- 
ply the place of that drawn off, and a collapse resulted. The remedy 
would have been—perforations at intervals. 

The President, at the request of the Committee on Meetings, gave 


. 


an account of two remarkable instances illustrating the tendency of 
electrical discharges to disperse in different directions, when conduct- 
ing bodies situated near its path are presented. 

One of these was that of the destruction of several panels of a post 
and rail fence, on the farm of Israel W. Morris, situated near the 
western part of the city. The lightning appeared to have struck a 
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maple tree standing on a small knoll in the line of the fence, and de- 
scending along the bark of the tree, without apparent injury, to the 
level of the rails near the ground, diverged in opposite directions 
along the fence, splitting the rails and bursting open the posts for the 


; 
} | 
I 


aist 


tance of eight panels each side, where it seems to have been con- 
veye | into the earth. 

The other case was that of a stroke of lightning on the line of tele- 
graph belonging to the City Gas Works. In this instance, the flash 
was seen to dart upon a cherry tree standing about 60 feet south of 
the line of wires, and then to pass along the line in opposite direc- 
tions, having the a 
The portion of the 
of 1500 feet by the destruction of the poles, many of which were so 


ppearance of balls of fire leaping from pole to pole. 

charge passing eastward was traced for the distance 

red as to let the wires drop to the ground, and others splintered 

lightly. Going west, the poles were uninjured, the charge 

‘ground in that direction through the ground wire and 

litning protectors of the instruments at the First Ward station 

Gias Works, distant about 8100 feet from the point of rec ption. 

The instruments that were connected with the line were uninjured, 

but others which were not connected were greatly damaged: the cop- 

per wires being fused, and the glass case covering one of them shat- 

tered as if by an explosion from within. 

The instruments referred to by the President were placed on the 

table for inspection by the members. 


METEOROLOGY. 


The Meteorology of Philadelphia. By James A. Kirkpatrick, A.M. 
Jy 9 l A 


OctronER.—The temperature of October was over four degrees high- 
er than that of October, 1859, and about half a degree above the aver- 
age temperature of the month for the last ten years. The warmest 
day of the month was the 2d, of which the mean temperature was 69°, 


7 ( 


and the thermometer reached the maximum (7!°) on the same day. 
The 14th of the month was the coldest day, the mean temperature 
being 433°. The temperature was lowest (56°) on the night of the 
14th, during a storm of rain. On the same day, on the north of the 
city, and throughout northern Pennsylvania and southern New York, 
the first snow of the season fell. On the 15th, 16th, and 17th, the 
temperature increased gradually, and from the 18th till the end of the 
month, remained at about an average of 57°, with but little range, at 
no time being below 44°. 

Both the daily oscillation and the mean daily range of temperature 
were less than for the same month last year, though they were slightly 
above the average for ten years. 

The force of vapor and the relative humidity were above the aver- 
age for the first time since last May; the increase in the former being 
more marked at 9 P. M., and in the latter at both 2 and 9 P. M. 

Rain fell at Philadelphia on thirteen days of the month, to the ag- 


Mn <a la il en cel 
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gregate depth of 4-685 inches, which is nearly two inches above the 
average for the month, and an inch and a half more than fell in Uc- 
tober, “1859. It is more than fell in any other October for the last ten 
years; the nearest approach to the amount was in October, 1853, 
when 3°47 inches fell. 

The pressure of the atmosphere was two-hundredths of an inch 
greater than the average, and nearly one-tenth of an inch greater 
than in October, 1859. The barometric column stood highest on the 
morning of the Ist of the month, when it indicated 30-275 inches, 
though the average height for a day was greatest on the 28th. It was 
lowest (29-312 inches) on the afternoon of the &th. 

There was but one day of the month on which the sky was com- 
pletely clear, or free from clouds; and there were six days on which 
the sky was completely covered with clouds, at the hours of obser- 
vation. 

The winds during the month were but one degree nearer the west 
than in September, and still very nearly as far south of west as the 
resultant for the month for the last ten years is north of west. 

The earthquake which extended throughout Canada and over all of 
the Eastern States, on the morning of Wednesday, the 17th of Octo- 
ber, was not felt, or, at any rate, not noticed, at Philadelphia. 

A Comparison of some of the Meteorological Phenomena of October, 1860, with those 
of October, 1859, and of the same month for ten years, at Philadelphia. 


Oct., 1860. Oct., 1859. (Oct., 10 years. 


| Thermometer.—Highest, . , 79° 81-5° g ° 
“ Lowest, : | 36 30-0 28 
“ Daily oscillation, 16°10 1810 =| = 1560 
| “ Mean daily range, 5 80 590 5-60 
| “ Means at 7 A. M., | 51-58 46-98 50-97 
s a 3 P. i. 63-29 59 Il 63-03 
as és Or: &.. 55°61 50-87 55°17 
“ for the month, 56°83 52°32 56°39 
Barometer.—Highest, ° 30-275 in. 30-193 in 30°410 in. 
- Lowest, ° ° ‘ 29:°312 29-470 29-012 
es Mean daily range, . “119 “140 ‘143 
” Means at 7 A. M., . 2° 963 29-864 29 937 
o “ . » ae 29 906 29823 | 29895 | 
| es ae 9 P. M., m 29 938 29850 29915 | 
7 “ for the month, 29-936 29°845 29 916 | 
| } 
| Force of Vapor.—Means at 7 A. “Ne *321 in. 259 in. *312 in. 
“ " “ oF. +363 "274 “34 
- o “ 9 ag = “354 280 | “316 


Relative Humidity.—Means at 7 A. — 80 per ct 75 per ct 78 per ct.| 
“ e “ 3 P. 61 50 56 
“ “ “ 9 P. a 77 69 73 
| 
Rain, amount in inches, ‘ " 4-685 3-210 2781 | 
Number of days on which rain fell, . 13 7 i) 


Prevailing winds, ° . ° 8. 75°58’ w069 x. 75°21’ w 405 n.73°32 w255 


ly ee ID 
686-67 SUA 


C.°9 100.63, 


60F-0 


80L-o 


Meteorology. 


th 
ge 
if 

}0 49g 


eA ay 
“4 *qouayTy < qa, 
“AZ WAZ axyaei 
uve, “UBayy } “spats AVP ATED 
ne DB yiwa uy imngq-10dea avery 
™ 01d @At} jo 
Bleu W107 


epayra 
*s9}0eMOULIEY TL 


BA ‘arey -faing 4 , : 
rATR r — —— 
md Go | qT, mMoang 
+ . “19A108q0 BOMLVAWAIY “Vf JO4d 
"Jaa OG Bas Og) 240Q8 YqQAIO 
LE off °38']-—"VINATIAVIIRG 


"MA 
1) J 984aN1ON ‘LISHINON 


he 
*‘piupajhsuuay 


capngujsuy uyyunsy ay) fo Adoposoajay 
‘ganjunog jassauogy PUD ‘UYU ‘piydjapop yd Ul appl 5 98 “479 uajsday sof suorjpas 1890 1D9190j0.L09f ayy 


uo aajpimwmoy dy} 40f 


r fo janajsqy 


> 
> 
a 
S 
Pe 
Ss 
LL 
> 
bom 
5 


OFL-O 


19 
09 
to 
“youy |90 49q 


“IT 


| Kidz 
“spuls “AQIp 
Byer 


“1d 


“aIny 
eA 


“BLY 


jo 


"890 ‘IXV4D) NIKVENAG 
“yo9y OFO PROG" IqFIOF 
N 8 off 3 


aig pup 


“mang “aoduy 


aod | “MOULIET 


HZ 
uy 


«yup uso 
uvely 


“uve, 


TT 


“M ZT of8 


“qouy 


YLT 
‘atunds 
{rep ‘uBoyy 
anonK 


ilies 
7 wa 
odd 


‘uIey 
“moMOT 


sq “NID 
“IH “M £¢ 


009.0 


OOF -O 


ood 

‘oruRma 
Ayrep 
anol, 


epurs “ave, 
AIM 


et | 


“aley 


| | “MOmIeqy 


840 “TAHA A“ 00L VAT 
"MME o9L “NSF oN “0D 


‘O) aly ara 


OF P1)GA) SONIKATA 


PUB[1eq UINGPION ‘NMOKVAG 


b= t= t= Ot 


Les 671 
ROO OF 
OFO-0F 
Ct6-A7] 
299-67] 
“way 


‘atuws 
«ep 
uBey 


uvoyy ‘UBeT 
“Urey 
‘Moule y, mosrg 

“(UW ‘ATISIay] NHOr 
TELM‘ AS09 LN ‘AToOF 
‘09 urqdneg ‘ounasrauvyy 


‘aynyysuy uyyunsy ay) fo hFojosoajayy uo aazpumoy ay} sof ‘vruvasisuuag ‘saijuno) 


* 
= app spp ey eens sae 


On Pe Ete 


| 
00-87 sUBITY 


(IA) 
(awa) 
i 020-0 


881-0 


66F 02 
©60-0 + | 


869-60 

FOL 62 

CFO.07. 

COT AZ 

‘OI | “qouy ‘youy 

| ‘osuns 

Ayrep “Ube 

SIVA “UMy uve, | “ydag 
“Old | | 

“ULONLIONL, | morNg, “OOST 


“Spur “UvOTK | 


“840 ‘SHOOV EH JOld “YU FZ9 IH | 
"M SToLL A007 'N AF OBE IVT | 


‘OC: SUTEPY ‘OUNAsSALLaN 


‘gujuag ‘pumasaqunyjiog ‘urydnng ‘swopy ut apou ‘ogg ‘aaquiajdag 40f suorjnasasqg yooidoposoajapy fo jonajsqy 


DEX. 


Alcohol and Water,—The Specific Gravity of Mixtures of , 
Alloy suitable for a Metallic Cement in the manufacture of Tin, Pewter, &c,— 
Description of B. Wood’s improved . ‘ 
Alloys for Heat and Electricity,—On the C mnductibility of certain 
Animals,—On the Influence of White Light, Colored Rays, and Darkness, on 

the Development, Growth, and Nutrition of 
Ar hes of Stone,—New Rule for De pth ol Segment il or EW ipt ic 


Artillery and other Vessels to Resist Great Internal Pressure, —On the Construc- 
tion of ° 
Atlantic Telegraph,—On a North 


Balloon,—Deser ption of Prof. Lowe’s Large 
Barometer,— Desi ription of a Hermetically-sealed . 
Bath,— Description of a New Kind ot 
Bibliographical Notices.— 
Elements of Chemical Physics, by J. P. Cook, Jr., ‘ . 
History, Theory, and Practice of the Electric Telegraph, by G. B. Prescott, 
Institutes of Medicine, by Martyn Paine, . ° ° 
Manufacture of Vinegar, by C. M. Wetherill, ° ° 
Binocular Instruments to obtain a Stereoscopic Effect in proportion to their Mag- 
nitude,—On the Means of Increasing the Angle ot 


——— Vision, Theory of Images on ‘Transparent Media, and the Stereomo- 
nose ope, 


Bitumenized Paper Pi ipes, 


Blocks of Unusual Dimensions,—Methods employed by the Ancients to Move, 
Haul, and Raise . ‘ 

Boots with a Single Seam,—Notice of Keffer’s patent 

Brakes,—On the Efficiency of various kinds of Railway 

Brass,—Notice of a specimen of Fractured 

Brid 


,—Roebling’s Re port on the Condition of the Niagara Railway Suspension 


———— Stones,—Experiments on the Strength of 


Bunsen Batteries,—On the Manufacture of the Carbon Elements for 


Yadmium,—On the Properties of . 


Calico Printing,—On the Influence of Science on the Art of 

Camera,—C laudet on the Principles of the Solar . 

Candles,— Manufacture of Stearine ‘ 

Carbon Elements for Bunsen Batteries,—On the Manufacture of the 

Cement in the Manufacture of ‘Tin, Pewter, &c., also useful in Castings, &c.,— 

An Alloy or Metallic Composition suitable for a . 

Chain Riveting,—Fairbairn on ° ° 

Chemical Affinity,—Faraday’s Lectures on 

— — Physics, by J. P. Cook, Jr.,—Notice of E lements of 

Chloride of Sodium,—On a New Form of . , 

Cisterns in Venice,—Description of Water ° 

Clipper Bark D. Golden Murray,—Particulars of the 

— James Welsh,—Particulars of the . 

Coal-burning and Feed-water Heating in Locomotive Engines, 

—— Qil as a Preservative for Sodium and Potassium, 
Oils,—Process for Purifying F ° 

Coals for Steaming Purposes,—Notes on the Evaporative Efficiency of Japanese 

Coffer Dam,—Description of a New Portable . ° 


C ohesion,—Faraday’s Lectures on ; 103, 


Coloring Matters,—On Vegetable . 
Colors,—Gladstone on the Perception of 
Crane,—Description of a Steam ‘ 


Buil jin g Materials,—On the Decay and Preservation of . 93, 155, 


64 
121 


268 


140 
356 
212 


283 


—— 
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Daniel Drew,—Particulars of the Steamer . ‘ 
Darkness on the Development, Growth, and Nutrition of Animals,—On the In- 
fluence of White Light, Colored Rays, and , ‘. 
D. Golden Murray,—Particulars of the Clipper Bark . m 
Drains,—On Angular Troughs or Pipes, aud Angular Bottoms to ‘ 
Eclipse of the Sun of July 17th, 1860,— Observations on the 
Electric Discharges to Disp rse in Different Directions,—Notice of the Yendene y of 
Lamps,—Serrin’s Automatic Regulator tor é 
Light,—Faraday on Lighthouse [ilumination and the ‘ AA. 
Telegraph, by G. B. Prescout,— Notice of History, ‘Theory, and Practice of 
Electricity,—Faraday’s Lecture on . : 
—-- —On the Conductibility of certain Alloys for Heat and ° 
Embroidery,—Printing Fabrics in Imitation of ° ‘ ‘ 
Engraved Steel Plates,-—Process tor ‘T'uking Electro Copies of . 
Etching on Glass,—- Mode of ° - . 


Etching on Metal, Glass, and Porcelain,-—On 
Explosion of Hypophosphite of Soda, 

on South Vevon Railway,--Account of the 
Explosions,—Clare on Steam Boiler 


_—- 


Faraday’s Lectures on Various Forces 0 


Index. 


f Matter, 


Boiler 


25, 103, 169, 253, 313, 
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